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OPEN UP: for better carbon steels 


Circle 1421 on Page 48-B 


By restoring carbon at the surface of high-carbon and alloy 
steel strip which has been surface decarburized during 
previous processing, and by making high-carbon or nitro- 
gen steel from soft, easily rolled steels . . . better, more 
uniform, high-strength steels are achieved more economi- 
cally by the amazing new Open Coil Process of Gas Alloying. 
For further details, write Lee Wilson Engineering Co., Inc., 


20005 Lake Road, 
Cleveland 16, Ohio. Vibon 
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1. Steel 2. Nonferrous 3. Nonmetallics 4. Nuclear 5.7 Finishing 8. Welding 9. Testing 1G y 11. Parts 12. Publishing 


A list of exhibitors, the technical programs, and 
admission -registration to the show. 


Metal Show Issue METAL PROGRESS OCTOBER 1961 
-1ETAL CONGRESS | 
\U AND EXPOSITION 
: 
(A) 


pat 


EXHIBITORS 


The Exhibitors at the Metal Show are classified into 12 areas 
of the metals industry. Under each classification appears the 
name of the exhibiting company followed by a booth number. 
Thus, under Classification 1, Ferrous Metals, the exhibitor is 
listed as Al-Fin Corp and the display is located in Booth 1011. 


. Ferrous Metals 
Nonferrous Metals 


. Nuclear Materials and ye ment 


Tool Materials, Cuttin 


1 
2. 
> Related Engineering Materials 
S. 
6. 


Forming Equipment 


Industrial Heating Equ Renvnt and Supplies 
7. Cleaning and Finishing Equipment and Sup _- 
8. Welding and Joining Equipment and — 
9. Testing, Inspection, Control and Resea 
10. Production and Casting Equipment and Supplies 
11. Parts, Forms, and Shapes for Design and Application 
12. Publishers, Societies and Associations 


Ferrous Metal Producers 
and Distributors 
Acipco Special Products Div. 

American Cast Iron Pipe Co. 1230 
Al-Fin Corp. 1011 
Allegheny Ludlum Steel Corp. 572 
Alloy Metal Abrasive Co. 1151 
Avon Tube Div. 

Higbie Mfg. Co. 834 
Babcock & Wilcox Co. 

Tubular Products Div. 462 
Canada—Dept. of Trade & 

Commerce 210 


Central Foundry Div. 

General Motors Corp. 252 
W. M. Chace Co. 227 
Chromalloy Corp. 248 
Copperweld Steel Co. 

Aristoloy Steel Div. 448 


Metals Processing Div 1208 
Daystrom, Inc. 

Weston Instrument Div. 339 
Detroit Hinge Mfg. Co. 1257 
Wilbur B. Driver Co. 314 
Electro-Alloys Div. 

American Brake Shoe Co. 428 
Exomet, Inc. 934 
Gleason Works 154 
Great Lakes Steel Corp. 772 
Harrison Engineering Corp. 157 
Howe Sound Co. 862 
Inductotherm Corp. 921 


AAA Machinery & Equip. Co. 


International Nickel Co. 472 
Jones & Laughlin Steel Corp 

Stainless & Strip Div. 
Korhume!l Steel & Aluminum Co. 948 


Laboratory Equipment Corp. 1053 
LaSalle Steel Co. 730 
Leeds & Northrup Co. 639 
Lynchburg Foundry Co. 363 
Martin Engineering Co. 1059 
McLouth Steel Corp. 850 
Merrill Brothers 910 
Republic Steel Corp. 638 
C. A. Roberts Co. 1211 
Service Steel Div. 

Van Pelt Corp. 


Sharon Steel Corp. 1171 
Superior Tube Co. 1032 
Timken Roller Bearing Co. 

Steel & Tube Div. 739 
Ulbrich Stainless Steels, Inc. 538 
United States Steel Corp. 630 
US. Pipe and Foundry Co., 

Steel and Tubes Div. 1262 
Vanadium-Alloys Steel Co. 7 
Vanadium Corp. oi America 338 
Webb Forging Co. 956 
Westinghouse Electric Corp. 529 
Youngstown Sheet & Tube Co. 968 


Nonferrous Metal Pro- 


ducers and Distributors 
Al-Pin Corp. 1011 
Alloy Metal Abrasive Co. 1151 


Aluminum Co. of America 528 


Beryllium Corp. 963 
J. Bishop & Co. 

Platinum Works 438 
Canada—Dept. of Trade & 

Commerce 210 
Central Foundry Div. 

General Motors Corp. 252 
W. M. Chace Co. 227 
Cobalt Information Center 539 
Cooper Metallurgical Associates 229 
Copper and Brass Sales, Inc. 830 
Curtiss-Wright Corp. 

Metals Processing Div. 1208 
Daystrom, Inc. 

Weston Instrument Div. 339 
Wilbur B. Driver Co. 314 
Engelhard Industries, Inc. 1150 
Exomet, Inc. 934 


General Electric Co. 
Metallurgical Products Dept. 262 


Harrison Engineering Corp. 157 
Howe Sound Co. 862 
Inductotherm Corp. 921 


Industrial Furnace Co., Div. of 
AAA Machinery & Equip. Co. 607 


International Nickel Co. 472 
Kawecki Chemical Co. 1249 
Kester Solder Co. 231 
Laboratory Equipment Corp. 1053 
Martin Engineering Co. 1059 
C. A. Roberts Co. 1211 
Stauffer Metals Co. 456 
Superior Tube Co. 1032 
Tin Research Institute, Inc. 537 
Union Carbide Corp. 127 
Union Carbide Metals Co. 

Div. of Union Carbide Corp. 127 
Univerticai Corp. 1225 
Upton Electric Furnace Co. 909 
Vanadium Corp. of America 338 


Related Engineering 


Materials 
Alloy Surfaces Co., Inc. 808 
Aluminum Co. of America 528 
Beryllium Corp. 963 
J. Bishop & Co 

Platinum Works 438 
Cam-Lok Div. 

Empire Products, Inc. 1055 
Canada—Dent. of Trade & 

on 210 

W. M. Chace Co. 227 
Furane Plastics Inc. 1227 
General Electric Co., Lamp Metals 

and Components Dept. 262 
Heil Process Equipment Corp. 411 
Howe Sound Co. 862 
National Carbon Co. 

Div. of Union Carbide Corp. 127 
Stauffer Metals Co. 456 
Steco Corp. 255 
Tempil Corp. 928 


Union Carbide Corp. 


tm" 
ay 
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Nuclear Materials 
and Equipment 


Al-Fin Corp. 1011 
Allegheny Ludlum Steel Corp. 572 
Arcweld Sales Co. 356 
Beryllium Corp. 963 
J. Bishop & Co. 

Platinum Works 438 
Budd Co. 220 
Chromalloy Corp. 248 


Cincinnati Sub Zero Products 1033 
Cooper Metallurgical Associates 229 
Daystrom, Inc. 


Weston Instrument Div. 339 
Harper Electric Furnace Corp. 433 
International Nickel Co. 472 
National Carbon Co. 

Div. of Union Carbide Corp. 127 
Nuclear Materials & Equipment 

Corp. 455 
Picker X-Ray Corp. 1221 
Stauffer Metals Co. 456 
F. J. Stokes Corp. 268 
Tempil Corp. 928 
Union Carbide Corp. 127 
Westinghouse Electric Corp. 529 

Tool Materials, Cutting 
and Forming Equipment 
Allegheny Ludlum Steel Corp. 572 


Allison-Campbell Div. 
American Chain & Cable Co. 514 


American Pullmax Co., Inc. 349 
Artco, Inc. 160 
Atkins Saw Div.. 

Borg-Warner Corp. 1233 
Cyril Bath Co. 408 
Beaver Pipe Tools, Inc. 906 
Canada—Dept. of Trade & 

Commerce 210 
Cavitron Equipment Corp. 610 
Clearing Div., U.S. Industries 1244 
Cobalt Information Center 539 
Cooper Metallurgical Associates 229 
Curtiss-Wright Corp. 1208 
Dake Corp. 168 
Elox Corp. of Michigan 961 
Furane Plastics Inc. 1227 
General Electric Co. 

Metallurgical Products Dept. 262 
Hamilton-Electrona, Inc. 232 
Jiffy Disintegrators, Inc. 211 
Lennox Tool & Machine Builders 810 
Modern Mfg. Co. 219 
J. A. Richards Co. 1263 
Super Alloy Forge Inc. 1010 
Texaco, Inc. 473 
Timken Roller Bearing Co. 

Steel & Tube Div. 739 
Union Carbide Corp. 127 
Wells Manufacturing Corp. 1lll 
S. S. White Industrial Div. 1034 
Wickman Products Corp. 1113 


io | Industrial Heating 
Equipment and Supplies 


Ajax Electric Co. 452 
Allvac Metals Co. 734 
Alpha Electric Refrigeration Co. 259 
American Gas Furnace Co. 821 
Anderson Engineering 1207 
Arcweld Sales Co. 356 
Ashworth Bros., Inc. 463 
Audubon Metalwove Belt Div. 

Manganese Steel Forge Co. 633 
W. M. Chace Co. 227 
Commercial Steel Treating Corp. 1007 
Daystrom, Inc. 

Weston Instrument Div. 339 
Despatch Oven Co. 714 
Detroit Edison Co. 1234 
Dry Clime Lamp Corp. 1056 
Eclipse Fuel Engineering Co. 1073 
Electric Furnace Co. 306 
Electric Steam Products, Inc. 316 
Electro-Alloys Div. 

American Brake Shoe Co. 428 
Exomet, Inc. 934 


Harper Electric Furnace Corp. 433 
Harris Manufacturing Co., Inc. 1215 


Harrison Engineering Corp. 721 
C. I. Hayes, Inc. 938 
Heil Process Equipment Corp. 411 
Hevi-Duty Electric Co., Div. of 

Basic Products Corp. 151 
Holcroft & Co. 353 
E. F. Houghton & Co. 621 
Inductotherm Corp. 921 


Industrial Furnace Co., Div. of 
AAA Machinery & Equip. Co. 607 


Ipsen Industries, Inc. 161 
Kolene Corp. 420 
Lake Chemical Co. 1162 
Leeds & Northrup Co. 639 
Lepel High Frequency Labs. 962 
Lindberg Engineering Co. 106 
Marquardt Corp. 738 
Joe Martin Co., Inc. 221 
Midland-Ross Corp. 672 
National Induction Heating 1051 


Ohio Chankshaft Co., Tocco Div. 238 
Park Chemical Co. 7 
J. O. Ross Engineering Div. 


Midland-Ross Corp. 672 
Selas Corp. of America 872 
Sentry Co. 930 
Spencer Turbine Co. 215 
Sunbeam Corp. 721 
Surface Combustion Div. 

Midland-Ross Corp. 672 
Tempil Corp. 928 
Waukee Engineering Co., Inc. 137 
Westinghouse Electric Corp. 529 
Wheelco Instruments Div. 

Barber-Colman Co. 1134 
Lee Wilson Engineering Co. 332 


Cleaning and Finishing 
Equipment and Supplies 


Acme Manufacturing Co. 263 
Ajem Laboratories, Inc. 1048 


Aldridge Industrial Oils, Inc. 415 


Allen Aircraft Products 457 
Alloy Metal Abrasive Co. 1151 
Armour Alliance Industries 1251 
Ashland Oil & Refining Co. 513 
Autosonics, Inc. 409 
Balcrank, Inc. 225 
Binks Manufacturing Co. 138 
G. S. Blakeslee & Co. 1029 
Branson Instruments, Inc. 838 
Centri-Spray Corp. 1048 
Dow Chemicz Co. 320 


E. I. du Pont De Nemours & Co. 1028 
Globe Industries, Inc. 
Vibrodyne and Supermet Div. 1229 


Gray Company, Inc. 333 
Heil Process Equipment Corp. 411 
E. FP. Houghton & Co. 621 
R. O. Hull & Co., Inc. 162 
Kolene Corp. 420 
Manpro Corp. 1238 
Martin Engineering Co. 1059 
Merit Products Inc. 1235 
Metalwash Machinery Corp. 1220 
Minnesota Mining & Mfg. Co. 828 
Mobile Oil Co. 1130 
Murray-Way Corp. 1209 
Nordson Corp. 216 
Oakite Products, Inc. 1138 
Pangborn Corp. 620 
Pennsalt Chemicals Corp. 310 
Phillips Mfg. Co. 1052 
Progressive Chemical & Equip. 

Corp. 920 
Ransburg Electro-Coating Ccrp. 171 
Roto-Finish Ranschoff Co. 1120 
Southwestern Engineering Co 814 
F. J. Stokes Corp. 268 
Tempil Corp. 928 
Turco Products, Inc. 421 
United Clamp Mfg. Co. 1008 
Vapor Blast Mfg. Co. 212 
Waldron-Hartig Div. 

Midland-Ross Corp. 672 
Waukee Engineering Co. 137 
Weltronic Co. 1072 
Westinghouse Electric Corp. 529 
Wheel Trueing Tool Co. 350 
Wyandotte Chemical Corp. 1127 


Welding and Joining 
Equipment and Supplies 


aS 


Aerobraze Corp. 908 
American Gas Furnace Co. 821 
American Machine & Foundry Co. 711 
Cam-Lok Div. 


Empire Products, Inc. 1055 
Canada—Dept. of Trade & 

Commerce 210 
Copper and Brass Sales, Inc. 830 
Exomet, Inc. 934 
Gregory Industries, Inc. 148 
Hamilton-Electrona, Inc. 232 


Aldridge Industrial Oils, Inc. 415 
Allen Aircraft Products 457 
Alloy Metal Abrasive Co. 1151 
Armour Alliance Industries 1251 
Ashland Oil & Refining Co. $13 
Autosonics, Inc. 409 
Balcrank, Inc. 225 
Binks Manufacturing Co. 138 
G. S. Blakeslee & Co. 1029 
Branson Instruments, Inc. 838 
Centri-Spray Corp. 1048 
Dow Chemical Co. 320 


E. I. du Pont De Nemours & Co. 1028 
Globe Industries, Inc. 
Vibrodyne and Supermet Div. 1229 


Gray Company, Inc. 333 
Heil Process Equipment Corp. 411 
E. F. Houghton & Co. 621 
R. O. Hull & Co., Inc. 162 
Kolene Corp. 420 
Manpro Corp. 1238 
Martin Engineering Co. 1059 
Merit Products Inc. 1235 
Metalwash Machinery Corp. 1220 
Minnesota Mining & Mfg. Co. 828 
Mobile Oil Co. 1130 
Murray-Way Corp. 1209 
Nordson Corp. 216 
Oakite Products, Inc. 1138 
Pangborn Corp. 620 
Pennsalt Chemicals Corp. 310 
Phillips Mfg. Co. 1052 
Progressive Chemical & Equip. 

Corp. 920 
Ransburg Electro-Coating Ccrp. 171 
Roto-Finish Ranschoff Co. 1120 
Southwestern Engineering Co 814 
F. J. Stokes Corp. 268 
Tempil Corp. 928 
Tureo Products, Inc. 421 
United Clamp Mfg. Co. 1009 
Vapor Blast Mfg. Co. 212 
Waldron-Hartig Div. 

Midland-Ross Corp. 672 
Waukee Engineering Co. 137 
Weltronic Co. 1072 
Westinghouse Electric Corp. 529 
Wheel Trueing Tool Co. 350 
Wyandotte Chemical Corp. 1127 


Welding and Joining 
Equipment and Supplies 


AS 


Aerobraze Corp. 908 
American Gas Furnace Co. 821 
American Machine & Foundry Co. 711 
Cam-Lok Div. 


Empire Products, Inc. 1055 
Canada—Dept. of Trade & 

Commerce 210 
Copper and Brass Sales, Inc. 830 
Exomet, Inc. 934 
Gregory Industries, Inc. 148 
Hamilton-Electrona, Inc. 232 


Hobart Brothers Co. 720 
Howe Sound Co. 862 
Lake Chemicals Co. 1162 
Lapeer Mfg. Co. 1039 
Lepel High Frequency Labs. 962 
Lincoln Electric Co. 868 
Linde Co., Div. of 

Union Carbide Corp. 127 
Merrill Brothers 910 
Motor City Tool & Die 1014 
Nelson Stud Welding Div. 148 
Tempil Corp. 928 
United Clamp Mfg. Co. 1009 
Wall Colmonoy Corp. 933 
Weltronic Co. 1072 
Westinghouse Electric Corp. 529 


Testing, Inspection, 
Control and Research 


Ajem Laboratories, Inc. 1048 
Alloy Metal Abrasive Co. 1151 
Alnor Instrument Div. 

Illinois Testing Lab. 915 
American Cystoscope Makers 1112 
American Optical Co. 

Instrument Div. 954 
Areweld Sales Co. 356 
Assembly Products, Inc. 1008 
Baird-Atomic, Inc. 253 
Bausch & Lomb Inc. 232 
Branson Instruments, Inc. 838 
Brinkmann Instruments Inc. 1129 
Budd Co. 220 
Buehler Ltd. 520 
Canada—Dept. of Trade & 

Commerce 210 
Cavitron Equipment Corp. 610 
Central Foundry Div. 

General Motors Corp. 252 
Centri-Spray Corp. 1048 
W. M. Chace Co. 227 
Collins Microflat Co., Inc. 1057 
Curtiss-Wright Corp. 1208 
Daystrom, Inc. 

Weston Instrument Div. 339 
Detroit Testing Machine Co. 806 
Elion Ultrasonics, Inc. 1063 
William J. Hacker & Co. 1020 
Hardric Laboratories, Inc. 1115 
Harris Manufacturing Co. 1215 
Howe Sound Co. 862 
Instron Engineering Corp. 1021 
Instrument Development Labs. 1153 
King Tester Corp. 914 
Laboratory Equipment Corp. 1053 
Latronics Corp. 1135 
Leeds & Northrup Co. 639 
E. Leitz, Inc. 1049 
Magnafiux Corp. 368 
Magnetic Analysis Corp. 1015 
Markal Co. 1162 
Marquardt Corp. 7338 
Martin Engineering Co. 1059 
Mettler Instrument Corp. 1255 


Micrometrical Mfg. Co. 239 


Mine Safety Appliances Co. 


National Induction Heating 

Nuclear Materials & 
Equipment Corp. 

Olsen Scientific Instruments 


Tinius Olsen Testing Machine Co. 


Perkin-Elmer Corp. 
Picker X-Ray Corp. 
Princeton Div. 

Curtiss-Wright Corp. 
Pyrometer Instrument Co. 
Radiation Electronics Co., 

Comptometer Corp. 

Research & Control Instruments 
Riehle Testing Machine Div. 


Bil 
Minneapolis-Honeywell Regulator 820 


1051 


455 
217 
329 
1157 
1221 


1208 
431 


929 
1133 


American Machine & Metals 829 & 429 


Sieburg Industries, Inc. 
Sperry Products Co. 


Steel City Testing Machines Div. 


American Machine & Metals 
F. J. Stokes Corp. 
Tempil Corp. 
Torsion Balance Div. 
American Machine & Metals 
Turco Products, Inc. 
United Clamp Mfg. Co. 
Unitron Instrument Co. 
Waukee Engineering Co. 
Weltronic Co. 
West Instrument Corp. 
Westinghouse Electric Corp. 
Wheelco Instruments Div. 
Barber-Colman Co. 
Wiedemann Machine Co. 


Ajax Magnethermic Corp. 
Al-Fin Corp. 

Aluminum Co. of America 
Artco, Inc. 

Canada—Dept. of Trade & 

Commerce 
Curtiss-Wright Corp. 
Daystrom, Inc. 

Weston Instrument Div. 
Detroit Hinge Mfg. Co. 
General Alloys Co. 
Hoffman Industries Inc. 
E. F, Houghton & Co. 


Small AC Motor & Generator Dept. 


General Electric Co. 
Howe Soun.. Co. 
Inductotherm Corp. 
Kawecki Chemical Co. 
Leeds & Northrup Co. 
Marquette Div. 

Curtiss-Wright Corp. 
Martin Engineering Co. 
Metals Processing Div. 

Curtiss-Wright Corp. 
National Carbon Co., Div. of 

Union Carbide Corp. 
Reltcn Corp. 

Spencer Turbine Co. 
Stauffer Metals Co, 


414 
1108 


29 
268 


Production and Casting 
Equipment and Supplies 
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FP. J. Stokes Corp. 

Surface Combustion Div. 
Midland-Ross Corp. 

Tempil Corp. 

Union Carbine Corp. 

Union Carbide Metals Co. 
Div. of Union Carbide Corp. 

Wales Strippit Div. 


Houdaille Industries 130 
Wall Colmonoy Corp. 933 
Parts, Forms, Shapes for 
Design and Application 
Allegheny Ludlum Steel Corp. 572 
Alloy Products Corp. 935 
Aluminum Co. of America 528 
Babcock & Wilcox Co. 

Tabular Products Div. 462 
J. Bishop & Co. 

Platinum Works 438 
Canada—Dept. of Trade & 

Commerce 210 
Centri-Spray Corp. 1048 
W. M. Chace Co. 227 
Cobalt Information Center 539 
Copper and Brass Sales 830 
Detroit Hinge Mfg. Co. 1257 
Heli-Coil Corp. 434 
Howe Sound Co. 862 
Marquardt Corp. 738 
Merrill Brothers 910 
National Carbon Co., Div. of 

Union Carbide Corp. 127 
New Hermes Engraving 

Machine Corp. 917 
Precision Extrusions, Inc. 1131 
Timken Roller Bearing Co. 

Steel & Tube Div. 739 
Union Carbide Corp. 127 
Univertical Corp. 1225 
Wall Colmonoy Corp. 933 
Westinghouse Electric Corp. 529 
Will-O-Hill Industries, Inc. 1253 
Wilson Mechanical 

Instruments Div. 952 


Publishers, Societies 
and Associations 


American Metal Market 
American Society for Metals 
Bureau of Foreign Commerce 
Chilton Co. 

Industrial Heating 

Industrial Press 

Industrial Publishing Corp. 
Industrial Research 

Metal Progress 

Metal Treating Institute 
Metalworking News 

Penton Publishing Co. 

Small Business Administration 
Social Security Administration 
Special Libraries Association 
Thomas Publishing Co. 

U.S. Department of Commerce 


1156 
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120 
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Technical Programs 
of ASM and Cooperating Societies 


Sessions of interest to everyone will be presented by the American Society for Metals; Metal- 


_lurgical Society of the American Institute of Mining, Metallurgical, and Petroleum Engineers; 
Society for Nondestructive Testing; American Welding Society; Industrial Heating Equipment 
Association; Metal Powder Industries Federation; Metal Treating Institute; Ultrasonic Manu- 
facturers Association; American Gas Association; and Special Libraries Association 


ASM Seminar— 
Ultra-High Purity 
Metals 


Oct. 21-22, Cobo Hall 


Sat. 9:00 a.m. 

Chairman: W. C. Ellis, Bell Tele- 
phone Laboratories 

Why Ultra-Pure Metals? ... W. G. 
Pfann, Bell Telephone Labs. 

Ion Exchange Methods for Obtain- 

‘ing Pure Metals... F. H. Sped- 

, J. E. Powell, Iowa State U. 

Pure Metals From Chemical Proc- 
esses .. . H. A. Wilhelm, David 
Peterson, Iowa State University 


Sat. 2:00 p.m. 

Chairman: W. D. Robertson, Yale 

Electrolytic Preparation of Pure 
Metals .. . D. H. Baker, Jr., T. A. 
Henrie, U.S. Bureau of Mines 

Purification by Zone Melting and 
Very High-Temperature Melting 
Techniques ... J. H. Wernick, Bell 
Telephone Laboratories 

Analysis for Trace Elements . . . Ph. 
Albert, Vitry Laboratories, Paris 


Sun. 9:00 a.m. 


Chairman: W. R. Hibbard, Jr., Gen- 
eral Electric Co. 

Mechanical Properties of High- 
Purity Metals ...R. L. Smith, 
A. A. Hendrickson, Michigan Tech 

Some Annealing Phenomena in 
Ultra-High Purity Metals . K. 
T. Aust, J. W. Rutter, General 
Electric Co. 

Metallographic Problems Resolved 
by Using Metals of Very High 
Purity . G. Chaudron, Vitry 
Laboratories, Paris 


Sun. 2:00 p.m. 

Chairman: F. L. Vogel, RCA 

Effect of Trace Impurities on Elec- 

trical Properties ... J. E. Kunzler, 

Bell Telephone Laboratories 

Effect of Trace Impurities on Ther- 
moelectric Properties ... W. P. 
Pearson, National Research Coun- 
cil, Canada 

Electromagnetic Properties of High- 
Purity Metals ... W. A. Harrison, 
General Electric Co. 


ASM Technical 


Study of Carbide Composition and 
Microstructure During Quenching 
and Tempering of 5% Cr-Mo-V 
Steel ...G. P. Contractor, W. A. 
Morgan, Dept. of Mines and Tech- 
nical Surveys; E. G. Schempp, 
Atlas Steels, Ltd. 

Creep Behavior of Austenitic Stain- 
less Steel as Effected by Carbides 
Precipitated on Dislocations... 
F. Garofalo, F. Von Gemmingen, 
W. F. Domis, U.S. Steel Corp. 

Microstructural and Residual Stress 
Changes in Hardened Steel Due to 
Rolling Contact ... J. J. Bush, 
W. L. Grube, G. H. Robinson, Gen- 
eral Motors Corp. 

Electron Transmission Study of 
Tempering of Martensite in 0.42% 
C Steel ...A.M. Turkalo, Gen- 
eral Electric Co. 


Tues. 2:00 p.m. 
Iron-Chromium Alloys 


Chairmen: T. W. Eichelberger, 
Westinghouse Research Labora- 
tories and R. F. Hehemann, Case 
Institute of Technology 

Influence of Delta Ferrite-Carbide 
Segregates on Properties of 12% 
Cr Steel ...E. A. Loria, Climax 
Molybdenum Co. 

Submicroscopic Structures in Tem- 
pering 410 Stainless Steel... J. J. 
Hauser, J. M. Capenos, B. R. Ban- 
erjee, Crucible Steel Co. 

Relationship Between Fatigue and 
Damping C ics and Mi- 
crostructure of 12% Cr Steel... 
E. J. Dulis, V. K. Chandhok, Cru- 
cible Steel Co. of America; J. P. 
Hirth, Carnegie Institute 


Wed. 2:00 p.m. 
Nuclear Metals 


Chairmen: R. E. Swift, University 
of Kentucky and H. H. Chiswik, 
Argonne National Laboratory 

Liquidus Curves of Bismuth Fis- 
ston-Product Systems ...D. G. 
Schweitzer, J. R. Weeks, Brook- 
haven National Lab. 

Effects of Alkali Metals on Solubil- 
ity of U in Bi... D. G. Schweitzer, 
J. R. Weeks, Brookhaven Lab. 

Metallographic Studies of Al-Ni-U 
Bonds in Nuclear Fuel Elements 
...C. L. Angerman, DuPont Co. 

Effect of Oxygen on Properties of 
Zircaloy-2 ... L. 8S. Rubenstein, 

F. L. Shubert, J. G. Goodwin, 


Influence of Warm Prestressing on 
Notch Properties of Several High- 
Strength Alloys .. .E. A. Steiger- 
wald, Thompson - Ramo - Woold - 
ridge, Inc. 

Strain Hardening Properties of 
High-Strength Sheet ...F. R. 
Larson, J. Nunes, Watertown Ar- 
senal Laboratories 

Additive Effects of Alloying Ele- 
ments on Mechanical Properties of 
Cast Austenitic Alloys at 1500° F 

.. D. L. Sponseller, R. A. Flinn, 
University of Michigan; R. W. 
Kraft, United Aircraft Corp. 

Hardness Anisotropy of Cb... D. L. 

Douglass, General Electric Co. 


Thurs. 2:00 p.m. 
Space-Age Metals—II 


Chairmen: S. W. Poole, Republic 
Steel Corp.; W. F. Brown, N.A.S.A. 

Constitution and Transformation 
Behavior of Ti-8Al-8Zr-1(Ta + 
Cb) Alloy . . . H. Margolin, New 
York University; E. Ence, Republic 
Aviation Corp. 

Investigation of Notch Sensitivity in 
A-286 Alloy ...G. B. Heydt, Car- 
penter Steel Co. 

Mechanical Properties of Unalloyed 
V...d. W. Farrell, Union Carbide 
Metals Co. 

Effect of Temperature Exposure on 
Microstructure of Ni-4.5% Al-3.5% 
Ti Alloy ... J. ¥. Radavich, Purdue 
University; W. H. Couts, G.E. Co. 


Thurs. 2:00 p.m. 
Corrosion 


Chairmen: P. D. Frost and F. W. 
Fink, Battelle Memorial Institute 

Morphology of Grain Boundary Car- 
bides and Its Influence on Inter- 
granular Corrosion of 304 Stainless 
... R. Stickler, A. Vinckier, West- 
inghouse Electric Corp. 

Corrosion Resistance and Mechani- 
cal Properties of Ti-Mo Alloys 
Containing Noble Metals ...C. R. 
Bishop, Union Carbide Metals Co.; 
M. Stern, Linde Co. 

Investigation of Effects of Fabrica- 
tion Variables on Corrosion Re- 
sistance of Zircaloy-2 ...H. S. 
Kalish, Nuclear Fuel Research 
Laboratory; H. M. Cobb, Olin 
Mathieson Chemical Corp. 

Propagation of Stress - Corrosion 
Cracking in Mg Alloy ... W. M. 

Pardue, Battelle Memorial Institute; 

F. H. Beck, M. G. Fontana, Ohio 

State University 
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Chemical Milling . . . G. H. Fox, Jr., 
Turco Products 

Electrolytic Metal Removal Processes 
...L. A. Williams, Anocut En- 
gineering Co. 

Ultrasonic Machining ...P. A Sor- 
enson, Raytheon Corp. 

Electrical Discharge Machining .. . 
D. H. Hill, General Motors Co. 


Thurs. 9:00 a.m. 

Nonmetallic Materials 

Chairman: J. Young, DuPont Co. 

Economics of Plastic Moldings vs. 
Metaj Die Castings ... G. L. Graf, 
Jr., DuPont Co. 

Composition and Properties of High- 
Strength Adhesives . G. A. 
Jikka, General Motors Corp. 

Fusion Bonding—New Method for 
Combining Plastic and Metal... 
W. R, Pascoe, Polymer Corp. 

Newer Plastic Materials—Effect On 
Metals Industry . . . H. McCann, 
Modern Plastics Magazine 


Thurs. 2:00 p.m. 

Light Metals 

Chairman: F. Bayer, Jr., Chevrolet 

Magnesium and Automobiles ... 
F. L. Burkett, Dow Chemical Co. 

Creativity with Aluminum and New 
Aluminum Applications ...E. J. 
deRidder, Reynolds Metal Co. 

Beryllium—A Space Age Metal... 
T. J. Hughel, General Motors 


ASM-AIME Joint 
Session 


Oct. 22, Statler-Hilton Hotel 


Sun. 8:00 p.m. 

Professional Activities 

Chairmen: W. R. Hibbard, Jr., Gen- 
eral Electric Co. and W. D. Man- 
ley, ORNL 

Program of the Metallurgy and Ce- 
ramics Foundation . .. G. A. Rob- 
erts, Vanadium-Alloy Steels Corp. 

Establishing a National Academy of 
Engineering .. . H. Work, Engi- 
neering Foundation 


Special ASM Program— 


Vacuum Techniques in 
Metallurgy 


Oct. 23, Cobo Hall 


Mon. 2:00 p.m. 

Vacuum Processing Theory .. . 
H. W. Westeren, C. I. Hayes, Inc. 

Vacuum Theory & Applications .. . 
C. Norndorf, Consolidated Vacuum 

Vacuum Furnace Instrumentation 
and Controls ... P. Webster, Min- 
neapolis-Honeywell Regulator 

Vacuum Furnace Practice ... R. 
Korf, Woodward Governor Co. 


Metallurgical Society 
Fall Meeting 


Oct. 23-26, Pick-Fort Shelby 
Mon. 9:00 a.m. 


Preparation and Analysis of High- 
Purity Iron and Its Dilute Solid 
Solutions ... R. L. Smith, B. Park, 
J. A. Van Westenberg, Michigan 
College of Mining and Technology 

On the Iron Phase Transformation 
at High Pressures ...R. S. Davis, 
Arthur D. Little Inc. 

Thermal, Magnetic, and Electrical 
Properties of Fe With Various 
Solutes ... A. Arrott, J. E. Noakes, 
Ford Motor Co. 


Mon, 2:06 p.m. 

Processing of Refractory Metals 

Chairman: W. H. Rostoker, Armour 
Research Foundation, V. E. Pulsi- 
fer, Fansteel Metallurgical Corp. 

Processing and Properties of Arc 
Cast Tungsten Sheet ...C. F. 
Mueller, W. J. Schoenfeld, Uni- 
versal-Cyclops Steel Corp. 

Are Melting and Hot Workability of 
Tungsten Alloys ...R. G. Carlson, 
General Electric Co. 

Evaluation of Variables In Produc- 
tion of Arc-Cast Mo Alloy Sheet 
. . . W. A. MeNeish, Universal- 
Cyclops Steel Corp. 

Processing and Properties of Mo 
Mill Products from Massive Iso- 
statically Pressed and Sintered 
Billets ...L. L. France, F. P. 
Giannakos, Universal - Cyclops 

Effect of Microstructure on Work- 
ability and Properties of Vacuum 
Hot Pressed Cb Alloy ...T. L. 
Robertshaw, R. G. Frank, General 
Electric Co.; I. Perlmutter, Wright 
Air Development Div. 

Techniques for Preparation of High- 
Purity Refractory Metals ... E. 
Fenn, M. Badiali, R. Bakish, Alloyd 
Cc 


orp. 
Strength of Sintered Ni-W ...J.N. 
Brophy, H. W. Hayden, J. Wulff, 
Mass. Institute of Technology 


Mon. 2:00 p.m. 

Dislocations and Their Interactions 
(Abstract Session) 

Chairmen: T. L. Johnston, Ford 
Motor Co.; N. Brown, University 
Of Pennsylvania 


Mon. 2:00 p.m. 
Effects of Surface and Environment 
on Strength—IlI 


Chairman: C. S. Barrett, University 
of Chicago 

Interaction of Surfaces and Dislo- 
cations ... A. K. Head, Common- 
wealth Scientific and Industrial 
Research Organization, Melbourne 

Variation of Barrett Anomalous 
After-Effect With Torsion .. . 
D. B. Holt, University of Witwat- 
ersrand 

Influence of Thin Films of Solid 
Non-organic Compounds on 
Strength Properties of Metals .. . 
L. Nanis, J. H. Schulman, Colum- 
bia University 

Effect of Surface on Mechanical De- 
formation of Metal Single Crys- 
tals ...I. R. Kramer, Martin Co. 

Role of Surface on Strength, Duc- 
tility and Embrittlement of Metals 
. .. A. Berqhezan, European Re- 
search Associates 


Mon. 2:00 p.m. 
High-Purity Iron and Its 
Dilute Solid Solutions—II 


Substructure and Mechanical Pro- 
perties of Refractory Metals . - - 
S. Allen, E. M. Passmore, B 
Lement, Manufacturing Labs. 

Flow Characteristics of Zone-Refined 
Mo Over Temperature Range 4.2 
K to 373° K ... J. Van den Sype, 
R. Maddin, University of Pennsyl- 
vania; A. Lawley, Franklin Insti- 
tute Laboratories 

Flow and Fracture of High-Purity 
Ta-W Alloys in Ductile-Brittle 
Transition Region .. . D. P. Fer- 
riss, DuPont Co.; R. M. Rose, J.J. 
Wulff, M.L.T. 

Notch Sensitivity of 
M 


Effects of Dispersions on Recrystal- 
lization and Ductile-Brittle Tran- 
sition Behavior of W..- R. 1 
Jaffee, B. C. Allen, D. J. Maykuth, 
Battelle Memorial Institute 

Yield and Fracture in Polycrystal- 
line Ta... M. A. Adams, Ma- 
terials Research Corp. 


Tues. 2:00 p.m. 

Working of Cast Structures 

Chairmen: T. E. Dancy, Jones & 
Laughlin Steel Corp.; C. F. Schra- 
der, Inland Steel Co. 

Evaluation of Concast Bloom Sec- 
tions for Hot-Piercing Operations 
. . . BH. B. Emerick, Jones & 
Laughlin Steel Corp. 

Effects of Forging and Rolling on 
Cast Steels . . . C. Wells, Carnegie 
Institute of Technology 

Role of High Strain Rates and 
Temperature on Deformation and 
Fracture Characteristics of Fe-C 
Alloys . . . W. Lawson, T. B. King, 
N. J. Grant, M.LT. 


Tues. 2:00 p.m. 

Vacuum Techniques in 

Metallurgy—I 

Chairmen: W. W. Gullett, Chicago 
Development Corp.; W. H. Dres- 
her, Union Carbide Nuclear Co. 

Arc vs. Electron Beam Melting in 
High Vacuum Environments ... 
R. P. Morgan, T. E. Butler, Union 
Carbide Metals Co. 

Production Applications of Electron 
Beam Heating to Refractory Met- 
als ... E. F. Baroch, W. A. Aschoff, 
Wah Chang Corp. 

Use of Electron Beams in a ay 

& 


Research Corp. 

Purification Techniques for Arc- 
Melting Ta and W Base Alloys... 
M. L. Torti, C. A. Hornell, National 
Research Corp. 

Furnace Reactions with Gases 
Which Affect Quality of Vacuum 
Induction-Melted Uranium .. . 
R. W. Endebrock, E. L. Foster, 
Battelle Memorial Institute 

Production of Pure Mo and Its Al- 
loys by Floating Zone Melting... 
J. A. Belk, War Office, England 


2:00 p.m. 

Physical Metallurgy of 

Refractory Metals—II 

Chairmen: E. I. Salkovitz, Depart- 
ment of the Navy; H. R. Ogden, 
Battelle Memorial Institute 
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Substructure and Mechanical Pro- 
perties of Refractory Metals .. . 
S. Allen, E. M. Passmore, B. S. 
Lement, Manufacturing Labs. 

Flow Characteristics of Zone-Refined 
Mo Over Temperature Range 4.2° 
K to 373° K .. . J. Van den Sype, 
R. Maddin, University of Pennsyl- 
vania; A. Lawley, Franklin Insti- 
tute Laboratories 

Flow and Fracture of High-Purity 
Ta-W Alloys in Ductile-Brittle 
Transition Region ...D. P. Fer- 
riss, DuPont Co.; R. M. Rose, J. J. 
Wulff, M.L.T. 

Notch Sensitivity of Refractory 
Metals ... A. C. Imgram, F. C. 
Holden, H. R. Ogden, R. I. Jaffee, 
Battelle Memorial Institute 

Effects of Dispersions on Recrystal- 
lization and Ductile-Brittle Tran- 
sition Behavior of W... R. I. 
Jaffee, B. C. Allen, D. J. Maykuth, 
Battelle Memorial Institute 

Yield and Fracture in Polycrystal- 

line Ta ...M. A. Adams, Ma- 

terials Research Corp. 


Tues. 2:00 p.m. 

Working of Cast Structures 

Chairmen: T. E. Dancy, Jones & 
Laughlin Steel Corp.; C. F. Schra- 
der, Inland Steel Co. 

Evaluation of Concast Bloom Sec- 
tions for Hot-Piercing Operations 
. . B. Emerick, Jones & 
Laughlin Steel Corp. 

Effects of Forging and Rolling on 
Cast Steels ... C. Wells, Carnegie 
Institute of Technology 

Role of High Strain Rates and 
Temperature on Deformation and 
Fracture Characteristics of Fe-C 
Alloys .. . W. Lawson, T. B. King, 
N. J. Grant, M.LT. 


Chairmen: W. W. Gullett, Chicago 
Development Corp.; W. H. Dres- 
her, Union Carbide Nuclear Co. 

Are vs. Electron Beam Melting in 
High Vacuum Environments ... 
R. P. Morgan, T. E. Butler, Union 
Carbide Metals Co. 

Production Applications of Electron 
Beam Heating to Refractory Met- 
als ...E. F. Baroch, W. A. Aschoff, 


Research Corp. 

Purification Techniques for Arc- 
Melting Ta and W Base Alloys... 
M. L. Torti, C. A. Hornell, National 
Research Corp. 

Furnace Reactions with Gases 
Which Affect Quality of Vacuum 
Induction-Melted Uranium ... 
R. W. Endebrock, E. L. Foster, 
Battelle Memorial Institute 

Production of Pure Mo and Its Al- 
loys by Floating Zone Melting... 
J. A. Belk, War Office, England 


2:00 p.m. 

Physical Metallurgy of 

Refractory Metals—II 

Chairmen: E. I. Salkovitz, Depart- 
ment of the Navy; H. R. Ogden, 

Battelle Memorial Institute 

On] 


engin of Higi- 


Fused Salt Ozidation- Reduction 
Process for Plutonium Fuel Re- 
cycle... J. G. Reavis, Los Alamos 
Scientific Laboratory 

Recent Developments in ORNL 
Volatility Process . . . C. E. Guth- 
rie, Oak Ridge National Lab. 

Liquid Metal Processing of Fuel 
From Second Experimental Breed- 
er Reactor ...R. D. Pierce, L. 
Burris, Argonne National Lab. 

Fluidized Bed in Radioactive Waste 
Disposal . . . J. I. Stevens, Phillips 
Petroleum Co. 


Wed. 9:00 a.m. 

Work Hardening and Strengthening 
Mechanisms 
(Abstract Session) 

Chairmen: C. Elbaum, Brown Uni- 
versity; R. W. Guard, General 
Electric Co. 


Wed. 9:00 a.m. 

Oxidation and Corrosion 
(Abstract Session) 

Chairmen: C. E. Birchenall, Uni- 
versity of Delaware; D. V. Ragone, 
University of Michigan 


Wed. 2:00 p.m. 

Nuclear Fuel Reprocessing—II: 

Foreign and American Developments 

Chairmen: J. A. Leary, Los Alamos 
Scientific Laboratory; G. E. 
Brand, Atomics International 

Thorium Recycle Development .. . 
D. E. Ferguson, E. D. Arnold, O. C. 
Dean, W. S. Ernst, Oak Ridge Na- 
tional Laboratory 

Scientific Development of the Euro- 
chemic Reprocessing Project .. . 
R. Rometsch, Eurochemic, Bel- 


gium 
Reprocessing Fast Reactor Fuels at 
Dounreay . . . D. M. Donaldson, 


K. Hartley, P. Lees, N. Parkinson, 
Atomic Energy Authority, United 
Kingdom 

Recent Developments in Processing 
Nuclear Fuels by Ion Exchange 
...D. B. James, E. L. Christenson, 
Los Alamos Scientific Laboratory 

Corrosion of Containment Materials 
by Molten Zn and Cd Alloys... 
J. DeKany, H. Lavendel, L. Burris, 
Argonne National Laboratory 

Corrosion of Materials of Construc- 
tion for Multipurpose Head-End 
Equipment in Proposed Fuel Re- 
processing Schemes ... W. E. 
Clark, Oak Ridge National Lab. 


Wed. 2:00 p.m. 
Diffusion 


(Abstract Session) 
Chairmen: R. Baluffi, University of 


Illinois; H. I. Aaronson, Ford 
Wed. 2:00 p.m. 
Phase Relationships and 
Thermodynamics 


(Abstract Session) 
rman: M. N. Nevitt, Argonne 
National Laboratories 


Wed. 2:00 p.m. 

Deformation—I 
(Abstract Session) 

Chairmen: G. FP. Bolling, Westing- 
house Electric Corp.; J. Brittain, 
Northwestern University 


Thurs. 9:00 a.m. 


diography .. 
man Kodak Co. 

Magnetic Particle Inspection .. . 
R. S. Peterson, Sperry Products 

Eddy Current Test Methods .. . 
J. W. Allen, Budd Co. 


. W. D. Kiehle, East- 
Co 


Mon, 2:00 p.m. Educational Survey 


Chairman: R. A. Hamlin, Hamlin 
Laboratories 

Three Possible Approaches to Edu- 
cational Curriculum for NDT... 
G, N. Beaumariage, Jr., Sacramen- 
to State College 

Penetrant Inspections ... R. G. 
Strother, Magnafiux Corp. 

Theory of Ultrasonics ... P. K. 
Bloch, Branson Instruments, Inc. 

Applications and Interpretations of 
Ultrasonics ... W. C. Hitt, Auto- 
mation Industries, Inc. 


Tues. 9:00 a.m. 
Military Ordnance and 
Nondestructive Testing 


Methods of Leak Detection for Pro- 
pellant-Actuated Cartridges .. . 
W. H. Inglis, Frankford Arsenal 

A Primary Ultrasonic Standard .. . 
J. W. Orner, Watertown Arsenal 

Radiography of Cast High Ezxplo- 
sives ...R. A. Youshaw, W. R. 
Maddy, Naval Ordnance Lab. 

Thermographic Profiles of Material 
Discontinuities . . . D. Wilburn, 
Ordnance Tank Automotive Com- 
mand 

Ultrasonic Technique for Testing 
Tires . . . J. Dudzinski, Detroit 
Arsenal 

Radiography of Large, Solid-Pro- 
pellant Missile Motors With Lin- 
ear Accelerator ...J. H. Cusick, 
H. Heffan, U.S. Naval Ammuni- 
tion Depot 


Tues. 2:00 p.m. Mehl Lecture— 


The Need to Know... C. H. Hast- 
ings, Avco Corp. 


Wed. 9:00 a.m. 

New Applications of Radiographic 

Techniques 

Neutron Radiography . .. H. Berger, 
Argonne National Lab. 

X-ray Image Enlargement System 
for Inspection of Missile Case 
Wallis and Weldments ... R. C. 
McMaster, Ohio State University 

Techniques for Low-Voltage Ra- 
diography ... R. W. McClung, 
Oak Ridge National Lab. 

X-Ray Mass Attenuation Coefici- 
ents In the Range 50 to 150 KVP 
... B.E. Poster, J. W. Evans, Oak 
Ridge National Lab. 

Radiographic Behavior of Beryllium 
and Graphite ...D. E. Elliott, 
J. L. Stokes, G. H. Tenney, Los 
Alamos Lab. 

An Image-Intensifier Tube With 
High Gain jor 1-MEV Photons... 
D. T. Green, Picker X-Ray Corp.; 
W. F. Niklas, Rauland Corp. 


Wed. 9:00 a.m. 

NDT In the Utilities Industry 

Conventional and Nuclear Steam 
Generating Equipment ... W. B. 
Brunn, E. S. Proctor, Combustion 
Engineering, Inc. 

Quality Control in Fabrication of 
Fuel Element Assemblies for Hal- 
lam Nuclear Power Facility ... 


Fri. 9:00 
Ultrason 
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Curren 
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Fri. 2:00 
General | 
Nondestr 
Radiogra 
Spletts 
Use of 
Testing 
Radiogra 
Linac . 
sociate 
Relation 
Color 1 
J. Ka: 
Evaluati 
Develop 


Aspects 

Parkir 

velopn 

Internat 

Field 

us son 

J. 

Effects o 
Flaw 
J.P.B 
Immerse 

Gaging 

son In 

Ultrason 
Licensing 

Moder: 
Alamo: 

Tues. 2:00 p.m. 

Metallurgy—I 
Curren 

man, 7 

Speci 

ye Se Wah Chang Corp. Oct. 27 

: Use of Electron Beams in Vacuum Fri. 9:00 
. L. Raym t 
Simons, P. L. Raymond, National 

ower 
Viewpoi? 
Hilty, 
d Problem: 
D. Lac 
Governn 
dation 

Amer 
Socie 
Oct. 2€ 

New We 


st- 


ey 


u- 


of 


Thurs. 1:00 p.m. Enrico Fermi Plant 
Aspects of NDT at Enrico Fermi 


Atomic Power Plant ... G. L. 
Parkinson, Power Reactor De- 
velopment Co. 


International Scientific Progress in 
Field of NDT ...G. H. Tenney, 
Los Alamos Scientific Lab. 

Reactor Tour and Film (Detroit Edi- 
son Co.) 


Fri. 9:00 a.m. 

Ultrasonics Research and Standards 

Ultrasonic Weldment Inspections 
Currently in Use ...F. C. Park, 
Union Carbide Chemicals Co. 

Frequency Dependent Effects in Ui- 
trasonic Pulse Flaw Detection . . 
J. E. Bobbin, E. A. Henry, Bran- 
son Instruments, Inc. 

Effects of Test Speed on Ultrasonic 
Flaw Detection Reliability ... 
J. P. Bacon, Elion Ultrasonics, Inc., 

Immersed Ultrasonic Resonance 


Inc. 
Ultrasonic Standards for Steel Plate 
. P. Dempsey, U.S. Steel Corp. 
Licensing and Proper Use of Iso- 
topes in Industry—Panel 
Moderator: G. H. Tenney, Los 
Alamos Scientific Lab. 


Fri. 2:00 p.m. 

General Application of 

Nondestructive Testing 

Radiography of Beryllium ...H. R. 
Splettstosser, Eastman Kodak Co. 

Use of Portable Shear Tester for 
Testing Adhesive Bonded Joints 

. C. F. Herndon, Convair 

Radiography a Steel With 10-Mev 

Wenk, Varian As- 

Relation of Fluorescent Penetrant 
Color to Ambient Illumination .. . 
J. Kastner, Picker X-Ray Corp. 

Evaluation of Penetrant Systems 
. .. B, Graham, Magnaflux Corp. 

Development of Standards for Eddy 
Current And Ultrasonic Testing of 
Tubing and Pipe ...H. J. Bow- 
man, Trent Tube Co. 


Special ASM Program 


Oct. 27, Cobo Hall 


Fri. 9:00 a.m. 
Economies in Research & - 
ing Through Literature danny 
Viewpoint of the Scientist ...R. J. 
Howerton, University of California 
Viewpoint of the Engineer ... D.C. 
Hilty, Union Carbide Metals Co. 
Problems of the Patent Office... 
D. Ladd, Commissioner of Patents 
Government Responsibilities 
G. Abdian, National Science Foun- 
dation 


American Welding 
Society Program 
Oct. 26, Cobo Hall 


Thurs. 9:00 a.m. 
New Welding Processes 


Metal Powder Industries 


Federation 

Oct. 25, Cobo Hall 

Wed. 2:00 p.m. 

Powder Metallurgy Symposium 

Corrosion Resistant Powder Metal- 
lurgy Parts ... 8. Bradbury, 
Hoeganaes S Iron 


Pre - Alloyed Iron - Nickel Powders 

.N. Ananthanarayanan, Uni- 

versity of Kansas; R. J. Peaviler, 
Ottowa University 

Elevated-Temperature Impact Den- 
sification of Mo-UO, Powder Miz- 
tures ... D. Murphy, R. G. 
Hanks ‘and J. Taub, Los Alamos 
Scientific Lab. 

Application of PMPMA Materials 
Standard and Specifications 
jor Powder Metallurgy Parts . 

P. J. Pailla, Johnson Bronze 


Metal Treating Institute 
Oct. 26, Cobo Hall 


Thurs. 9:00 a.m. 


Moderator: R. F. Gunow, Vac-Hyd 


Hydrogen Br of Prototype 
Stainless Steel Fuel Elements for 
N.S. Savannah ... D. CO. Dilley, 
Ferrotherm Co. 

Vacuum Furnace Brazing of Stain- 
less Steels ... T. H. Crane, Kine- 
tics Corp. 

Dissociated Ammonia ... R. L. 
Evans, Syracuse Heat Treating 

Vacuum Brazing of Aircraft Alloys 

. N. K. Koebel, C. H. Ulbrich, 
Lindberg Engineering Co. 

Salt Bath Brazing of Al... F. J. 
Fahrendorf, Handy and Harman 

Brazing Ferrous Alloys to Aluminum 

. R. Seal, D. W. MacVicar, Bi- 
Braze Corp. 


Ultrasonic Manufac- 
turers Association 
Program 

Oct. 26, Cobo Hall 


Thurs. 2:00 p.m. Ultrasonics 


Transducer we for Sonic Clean- 
ing Systems ...L. J. Lyons, Ben- 
dix Corp. 

Ultrasonic Cleaning and Inspection 
of Strip... H. F. Osterman, Bran- 


Ultrasonics for Machining 
Brown, J. N. Behm, Sheffield 

A New Way To Measure Ulir 
Cavitation ... R. E. Heim, West- 


American Gas 
Association 


Oct. 24, Cobo Hall 
Tues. 2:00 p.m. 


Plastic Impregnation of ‘0 
n- Metallurgy Parts ...N. B. New- 
K. 
ic. 
Gaging . R. V. Harris, Bran- 
al 
al Panel: Can Your Costs Be Reduced ge 
n by Brazing Techniques? ; : 
4 
T, 
Goldsmith, Turco Products, Inc. 
m 


trical Properties ...J. E. Kunzler, 
Bell Telephone Laboratories 

Effect of Trace Impurities on Ther- 
moelectric Properties ... W. P. 
Pearson, National Research Coun- 
cil, Canada 

Electromagnetic of High- 
Purity Metals . A. Harrison, 
General Electric on 


ASM Technical 
Program 


Oct. 23-26, Cobo Hall 


Mon. 9:00 a.m. 
Mechanical Properties of Steels 


Chairmen: S. L. Gertsman, Dept. of 
Mines and Technical Surveys and 
G. H. Enzian, Jones and Laughlin 
Steel Corp. 

Parameters Affecting Fracture 
Toughness of High-Strength Steel 

. P. M. Lorenz, Co. 

Yield Behavior of Alloy Steels at 
Low Strain Values ...G. S. 
Reichenbach, M.1.T.; D. A. Brown 
Stanford Research Institute; P. G. 
Russell, Alloyd Corp. 

Nozious and Innocuous States of 
Hydrogen in Iron ...D. J. P. 
Adenis, Dow Chemical Co.; W. M. 
Baldwin, Jr., Case Institute 

Effect of Temper Brittleness on Dry 
Friction Wear of Martensitic Steel 
... J. J. Kauzlarich and R. R. 
Hagglund, Worcester Polytechnic 

Institute; J. P. Modrak, Rochester 
Institute of Technology 

Repeated Tensile Loading of Iron 
and Steel ...C. P. Sullivan, B. L. 
Averbach, M. Cohen, M.I.T. 


Mon. 2:00 p.m. 
Steels 


Chairmen: J. C. Hamaker, Jr., Va- 
nadium-Alloys Steel Corp. and S. 
J. Rosenberg, National Bureau of 
Standards 

Effect of Prestraining and Retem- 
pering on AISI Type 4340 ... E. 
T. Stephenson, Bethlehem ‘Steel 
Co.; M. Cohen, M.I.T. 

Direct Reduction of Ferric Oxide by 
Solid Carbon in Vacuum ...T.S. 
Yun, Seoul National University 

Effect of Concurrent Straining on 
Annedling Behavior of Cold Rolled 
Vacuum-Melted Electrolytic Iron 
. . . A. Goldberg, Comision Ful- 
bright De Intercambio Educativo; 
S. Gourney, U.S. Naval Postgrad- 
uate School 

Effects of Cb on Properties of Al- 
Killed, Medium-Carbon Steel... 
E. E. Pletcher, A. R. Elsea, Battelle 
Memorial Institute; E. C. Bain, 
Consulting Metallurgist, Sewick- 
ley, Pa. 

Processing Factors Affecting Mag- 
netic Properties of Low-Carbon 
Steel ...D. J. Knight, P. J. Ad- 
zema, Jones and Laughlin Steel 


Tues. 9:00 a.m. 
Carbides in Steels 


Chairmen: D. Krashes, Worcester 
Polytechnic 
Werner, 


Institute and F. 
Westinghouse Research 


ston-Product Systems ...D. G. 
Schweitzer, J. R. Weeks, Brook- 
haven National Lab. 

Effects of Alkali Metals on Solubil- 
ity of U in Bi... D. G. Schweitzer, 
J. R. Weeks, Brookhaven Lab. 

Metallographic Studies of Al-Ni-U 
Bonds in Nuclear Fuel Elements 
...C. L. Angerman, DuPont Co. 

Effect of Oxygen on Properties of 
Zircaloy-2 ... L. S. Rubenstein, 
F. L. Shubert, J. G. Goodwin, 
Westinghouse Electric Corp. 


Wed. 2:00 p.m. 


Plastic Deformation 


Chairmen: R. W. Guard, General 
Electric Co. and W. A. Backofen, 
Mass. Institute of Technology 

Shear Deformation of Mg and Zn 
Single Crystals . . . W. L. Phillips, 
E. I. duPont de Nemours & Co. 

Effect of Stress Decreases on Creep 
of Al in Dislocation Climb Region 
... L. Raymond, W. D. LuGemann, 
N. Jaffee, J. E. Dorn, U. of Calif. 

Investigation of Intermediate Tem- 
perature Ductility Minimum in 
Metals ... F. N. Rhines, P. J. 
Wray, University of Florida 

Cumulative Fatigue at High Plastic 
Strains . . . D. E. Giicer, Technical 
University of Istanbul 

Centrifugal Creep Testing on Pure 
Al ...D. E. Deutsch, R. S. Carey, 
J. L. Hull, Aerojet-General 

Transient and Destructive Instabil- 
ity in Torsion ...N. H. Polakow- 
ski, S. Mostovoy, Illinois Institute 
of Technology 


Thurs, 9:00 a.m. 
Physical Metallurgy 


Chairmen: W. R. Upthegrove, Uni- 
versity of Oklahoma and R. W. 
Lindsay, Penn. State U. 

Prediction of Atomic Mobility in 
Metallic Systems ... O. D. Sherby, 
Stanford University; M. T. Sim- 
nad, General Atomic 

New Method for Determination of 
Liquid-Liquid Equilibria as Applied 
to Fe-C-Si-Mg System ... P. K. 
Trojan, R. A. Flinn, U. of Michigan 

Measurement of Interlamellar Spa- 
cing of Pearlite .. . B. Gregory, 
College of Science and Technol- 
ogy; H. T. Hall, G. Bullock, All- 
manna Svenska Elektriska Akti- 
ebolaget 

Quantitative Metallographic Analy- 
sis of Graphite Size in Ductile 
Cast Iron ...J.H. Brophy, M.I1.T.; 
M. J. Sinnott, U. of Michigan 

Wrought Pb-Cd-Ni Alloys ...D.N. 
Williams, K. R. Grube, R. I. Jaffee, 
Battelle Memorial Institute 


Thurs, 9:00 a.m. 
Space-Age Metals—I 


Chairmen: D. J. Blickwede, Bethle- 
hem Steel Co. and A. R. Kauf- 
mann, Nuclear Metals, Inc. 

Effect of Surface Finish on Prop- 
erties of Be Sheet ... W. V. Ward, 
International Nickel Co.; C. O. 
Matthews, M. I. Jacobson, Lock- 
heed Aircraft Corp. 


M. Stern, Linde Co. 

Investigation of Effects of Fabrica- 
tion Variables on Corrosion Re- 
sistance of Zircaloy-2 oe 
Kalish, Nuclear Fuel Research 
Laboratory; H. M. Cobb, Olin 
Mathieson Chemical Corp. 

Propagation of Stress - Corrosion 
Cracking in Mg Alloy ... W. M. 

Pardue, Battelle Memorial Institute; 
F. H. Beck, M. G. Fontana, Ohio 
State University 


ASM Metals Engineering 
Program 


Oct. 23-26, Cobo Hall 


Mon. 9:00 a.m. 

Corrosion in Automotive 

Applications—I 

Chairman: R. B. Kropf, Interna- 
tional Nickel Co. 

Materials for Anti-Smog Devices ... 
F. L. LaQue, J. J. Moran, E. N. 
Skinner, International Nickel 

Evaluation of Materials for Automo- 
tive Exhaust Systems ... lL. H. 
Boguski, Republic Steel Corp. 

Corrosion Properties of Low Alley- 
High Tensile Steels ...S. K. Co- 
burn, U.S. Steel Corp. 


Mon. 2:00 p.m. 

Corrosion in Automotive 

Applications—II 

Chairman: F. Bens, Climax Molyb- 
denum Co. 

Corrosion in Action (Film) ... In- 
ternational Nickel Co. 

Galvanized Steel for Automotive 
Use ... J. C. Widman, Ford Motor 

Paint Systems for Corrosion Protec- 
tion ...N. Price, C. C. Durbin, 
Chrysler Corp. 


Tues. 9:00 a.m. 
Cold Forming of Metals—I 


Chairman: R. Sergeson, Jones & 
Laughlin Steel Corp. 

Shear Spinning of Refractory Ma- 
terials ... P. P. Crimmins, C. W. 
Heimlich, Aerojet-General Corp. 

Shear Forming of Tungsten Rocket 
Nozzles ... J. E. Japka, General 
Electric Co. 

Cold Forming of Stainless Steel... 
G. Vacek, H. M. Harper Co. 

Hot Forming of High-Strength 
Steels ... R. Blom, Ladish Co. 


Tues. 2:00 p.m. 
Cold Forming of Metals—II 


Chairman: H. N. Bogart, Ford Motor 


Cold Forming (Film) . . . National 
Machine Co. 
Steels for Cold Forming... J. V. 


Russell, Republic Steel Corp. 
Lubrication for Cold Forming ... 

R. W. Perry, Parker Rust Proof Co. 
Cold Forming Practices . . A 

Braun, Braun Engineering Co. 


Wed. 2:00 p.m. 

Unusual Metal Removal Techniques 

Chairman: D. G. McCullough, Gen- 
eral Motors Corp. 
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Korf, Woodward Governor Co. 


Metallurgical Society 
Fall Meeting 


Oct. 23-26, Pick-Fort Shelby 

Mon, 9:00 a.m. 

Protective Coatings and Processing 

of Refractory Metals 

Chairman: E. D. Sayre, General 
Electric Co., O. O. Srp, Wright 
Aeronautical Development Div. 

Protective Coatings for Tantalum 
and Its Alloys ... W. D. Klopp, 
H. R. Ogden, Battelle Memorial 
Institute 

Development of 
Coating for Mo... Chao, 
D. K. Priest, The aS. Co. 

Oxidation Resistant Aluminide 
Coating on Cb Alloy F-48 ...S. 
Foldes, General] Electric Co. 

Properties of Refractory Metals 
Sprayed Under Controlled En- 
vironment ... M. A. Levinstein, 
General Electric Co. 


Observations on Infiltration of Por- 
ous Structures of Mo, W and Their 
Carbides with Cu in Vacuum and 
Hydrogen ...H. H. Hirsch, Gen- 
eral Electric Co. 

Brazing Alloy Systems for Joining 
Cb-Base Alloys ... W. R. Young, 
E. S. Jones, General Electric Co. 


Mon. 9:00 a.m. 

Theory of Work Hardening 

Chairman: G. M. Pound, Carnegie 
Institute of Technology 

(To be announced) ... Z. S. Basin- 
ski, National Research Council, 
Canada 

(To be announced) . .. J. Lothe, 
J. P. Hirth, Carnegie Institute 


Mon. 9:00 a.m. 

Effects of Surface Environment on 

Strength—I 

Chairman: F. N. Rhines, University 
of Florida 

Interaction of Surface and Strength 
Phenomena ... E. S. Machlin, 
Columbia University 

Recent British Thin Foil Experi- 
ments ... J. Silcox, Cambridge 
University 

Stresses in Overgrown Films on 
Crystalline Substrates ...N. Ca- 
brera, J. H. van der Merwe, Uni- 
versity of Virginia 

Electromechanical Effect in Semi- 
conductors ... J. H. Westbrook, 
General Electric Co.; J. J. Gilman, 
Brown University 

Influence of Thermal-Mechanical 
History on Embrittlement of Al 
Alloys by Hg .. . H. Nichols, W. H. 
Rostoker, Armour Research 


Mon. 9:00 a.m. 

High-Purity Iron and Its 

Dilute Solid Solutions—I 

Chairman: C. L. McCabe, Carnegie 
Institute of Technology 


bia University 

Effect of Surface on Mechanical De- 
formation of Metal Single Crys- 
tals ...I. R. Kramer, Martin Co. 

Role of Surface on Strength, Duc- 

tility and Embrittlement of Metals 
. . A. Berghezan, European Re- 

search Associates 


Mon. 2:00 p.m. 
High-Purity Iron and Its 
Dilute Solid Solutions—II 


Chairman: M. Gensamer, Columbia - 


University 

Strain-Hardening, Recovery, and 
Recrystallization of Iron... W.C. 
Leslie, J. T. Michalak, U.S. Steel 

Plastic Deformation and Fracture 
of Iron ...J. R. Low, Jr., G.E. Co. 

Effects of Solute Elements and Other 
Variables on Yield Stress and Brit- 
tle Fracture Stress of Iron... 
N. P. Allen, National Physical 
Laboratory (England) 


Tues. 9:00 a.m. 
Continuous Casting 


Chairman: C. L. McCabe, Carnegie 
Institute of Technology; R. Clark, 
National Forge Co. 

Continuous Casting in Europe— 
Practice and Developments . . 
I. M. D. Halliday, United Steel 
Companies, England 

Progress in Continuous Casting of 
Stainless Steel Slabs ... L. Nem- 
ethy, E. Stock, W. B. F. McKay, 
Atlas Steels Ltd., Canada 

Multiple-Mold Process for Continu- 
ous Casting of Steel... J. Pear- 
son, British Iron and Steel Re- 
search Assoc.; J. Savage, Continu- 
ous Casting Co., Ltd, England 


Tues. 9:00 a.m. 

Effects of Surface and Environment 

on Strength—IllI 

Chairman: J. J. Gilman, Brown 
University 

Effects of Absorbed Polar Molecules 
on Etching and Yielding Behavior 
of LiF Crystals ... A. R. C. West- 
wood, Research Institute for Ad- 
vanced Studies 

Effect of Surface Condition on 
Mechanical Properties of Poly- 
crystalline Ionic Solids ...R. J. 
Stokes, Minneapolis - Honeywell 

Effect of Controlled Surface Con- 
tamination on Ductility of Ionic 
Crystals ...G. T. Murray, Ma- 
terials Research Corp. 

Effect of Environment on High- 
Temperature Strength of Metals 
...M. R. Achter, U.S. Naval Re- 
search Laboratory 

Effects of Elastic Strain and En- 
vironment on Surface Free Energy 
of Solid Cu ... 8S. Floreen, D. V. 
Ragone, E. E. Hucke, University 
of Michigan 


Tues. 9:00 a.m. 

Physical Metallurgy of 

Refractory Metals—I 

Chairmen: J. Maltz, Department of 
the Navy; J. H. Bechtold, West- 
inghouse Electric Corp. 

Dislocation Substructure in Ta and 
Ww ...S. Weissmann, Y. Naka- 
yama, Rutgers University 


R. W. Endebrock, E. L. Foster, 
Battelle Memorial Institute 
Production of Pure Mo and Its Al- 
loys by Floating Zone Melting... 
J. A. Belk, War Office, England 


2:00 p.m. 

Physical Metallurgy of 

Refractory Metals—IlI 

Chairmen: E. I. Salkovitz, Depart- 
ment of the Navy; H. R. Ogden, 
Battelle Memorial Institute 

Effect of Purity on Strength of High- 
Purity W at Elevated Tempera- 
tures ...J.L. Orehotsky, General 
Telephone and Electronics Labs. 

Effects of Interstitials on Properties 
of Cb-Rich Alloys in Cb-W-Zr 
Systems ... J. W. Clark, General 


Electric Co. 
Strengthening of Mo-Ti-Zr Alloys 
With C and B ...M. Semchyshen, 


R. Q. Barr, Climax Molybdenum 

Effect of Heat Treatment and Preci- 
pitation Hardening on Strength 
Properties of Mo-Base Alloys... 
W. H. Chang, L. P. Jahnke, Gen- 
eral Electric Co. 

Effect of Yttrium and Selected 
Rare-Earth Additions on Removal 
of Interstitials from W and Mo.. 
D. T. Klodt, J. F. Nachman, Uni- 
versity of Denver 

Physical and Mechanical 
of a Cr-Base Alloy ... 
Cairns, New England ‘Matetion 
Laboratory; N. J. Grant, M.LT. 

Electron Metallographic Techniques 
for Studying W Wires and Pow- 
ders ...C. F. Tufts, General Tele- 
phone and Electronics Labs. 


Wed. 9:00 a.m. 
Vacuum Techniques in 
Metallurgy—II 


Chairmen: R. G. Jones, Wah Chang 
Corp.; W. A. Krivsky, Brush 
Beryllium Corp. 

Zone Purification of Yttrium... 
W. C. Necker, General Electric Co. 

Separation of Sulphides by Vacuum 
Distillation . . . C. N. Banks, R. A. 
Campbell, R. R. Rogers, Canadian 
Department of Mines and Tech- 
nical Survey 

Status of Vacuum Methods of Gas 
Analysis for Oxygen, Nitrogen, 
and Hydrogen in Metals ...N. A. 
Gokcen, Aerospace Corp. 

Brazing and Heat Treating in Vac- 
uum ...R. F. Gunow, C. Stitzlein, 
Vac-Hyd Processing Corp. 

Developments in Oil Diffusion 
Pump Design for Vacuum Metal- 
lurgy ...M. H. Hablanian, Na- 
tional Research Corp. 


Wed. 9:00 a.m. 

Nuclear Fuel Reprocessing—I: 

Pyroprocessing 

Chairmen: W. D. Wilkinson, Ar- 
gonne National Laboratory; R. E. 
Grace, Purdue University 

Phase Relations in Plutonium Halide 
Binary Fused Salt Systems .. . 
J. A. Leary, K. W. R. Johnson, Los 
Alamos Scientific Laboratory 

Processing of Uranium Dioxide Fuel 
by Salt Cycle Process ... K. M. 


Harmon, General Electric Co. 
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R. W. Endebrock, E. L. Foster, 
Battelle Memorial Institute 
Production of Pure Mo and Its Al- 
loys by Floating Zone Melting . 

J. A. Belk, War Office, England 


2:00 p.m. 


Physical Metallurgy of 

Refractory Metals—II 

Chairmen: E. I. Salkovitz, Depart- 
ment of the Navy; H. R. Ogden, 
Battelle Memorial Institute 

Effect of Purity on Strength of High- 
Purity W at Elevated Tempera- 
tures ... J, L. Orehotsky, General 
Telephone and Electronics Labs. 
Effects of Interstitials on Properties 
of Cb-Rich Alloys in Cb-W-Zr 
Systems .. . J. W. Clark, General 
Electric Co. 

Strengthening of Mo-Ti-Zr Alloys 
With C and B ...M. Semchyshen, 
R. Q. Barr, Climax Molybdenum 
Effect of Heat Treatment and Preci- 
pitation Hardening on Strength 
Properties of Mo-Base Alloys . 
W. H. Chang, L. P. Jahnke, Gen- 
eral Electric Co. 

Effect of Yttrium and Selected 
Rare-Earth Additions on Removal 
of Interstitials from W and Mo... 
D. T. Klodt, J. F. Nachman, Uni- 
versity of Denver 

Physical and Mechanical Properties 
of a Cr-Base Alloy ... R. E. 
Cairns, New England Materials 
Laboratory; N. J. Grant, M.LT. 
Electron Metallographic Techniques 
for Studying W Wires and Pow- 
ders ...C. F. Tufts, General Tele- 
phone and Electronics Labs. 


Wed. 9:00 a.m. 

Vacuum Techniques in 
Metallurgy—IlI 

Chairmen: R. G. Jones, Wah Chang 
Corp.; W. A. Krivsky, Brush 
Beryllium Corp. 

Zone Purification of Yttrium... 
W. C. Necker, General Electric Co. 
Separation of Sulphides by Vacuum 
Distillation . . . C. N. Banks, R. A. 
Campbell, R. R. Rogers, Canadian 
Department of Mines and Tech- 
nical Survey 

Status of Vacuum Methods of Gas 
Analysis for Oxygen, 
and Hydrogen in Metals . N. A. 
Gokcen, Aerospace Corp. 
Brazing and Heat Treating in Vac- 
uum ...R. F. Gunow, C. Stitzlein, 
Vac-Hyd Processing Corp. 

ts in Diffusion 
Pump Design for Vacuum Metal- 
lurgy ...M. H. Hablanian, Na- 
tional Research Corp. 


Wed. 9:00 a.m. 

Nuclear Fuel Reprocessing—I: 
Pyroprocessing 

Chairmen: W. D. Wilkinson, Ar- 
gonne National Laboratory; R. E. 
Grace, Purdue University 

Phase Relations in Plutonium Halide 
Binary Fused Salt Systems ... 
J. A. Leary, K. W. R. Johnson, Los 
Alamos Scientific Laboratory 
Processing of Uranium Dioxide Fuel 
by Salt Cycle Process ...K. M. 
Harmon, General Electric Co. 


Thermodynamics 
(Abstract Session) 

Chairman: M. N. Nevitt, Argonne 
National Laboratories 


Wed. 2:00 p.m. 

Deformation—I 
(Abstract Session) 

Chairmen: G. F. Bolling, Westing- 
house Electric Corp.; J. Brittain, 
Northwestern University 


Thurs. 9:00 a.m. 
Deformation—II 


Chairman: A. McEvily, Ford Motor 


Thurs. 9:00 a.m. 

Phase Transformation 

and Pressure Effects 
(Abstract Session) 

Chairmen: G. Speich, U.S. Steel 
Corp.; J. W. Spretnak, Ohio State 
University 


Thurs. 9:00 a.m. 
Surfaces 


(Abstract Session) 
Chairmen: J. P. Hirth, Ohio State 
University; W. D. Robertson, Yale 


Thurs. 9:00 a.m. 
Recrystallization, Grain Growth, 
and Textures 
(Abstract Session) 
Chairmen: J. W. Rutter, General 
Electric Co.; R. Richman, Ford 


Thurs. 2:00 p.m. 

Solidification 
(Abstract Session) 

Chairmen: R. 8S. Wagner, Bell Tele- 
phone Laboratories; H. W. Weart, 
Cornell University 


Thurs. 2:00 p.m. 
Precipitation and Ageing 
(Abstract Session) 
Chairman: J. B. Clark, Ford Motor 


Thurs. 2:00 p.m. 

Structure and Properties 
(Abstract Session) 

Chairmen: J. C. Shyne, Stanford 
University; W. L. Grube, General 
Motors Research Laboratory 


Thurs, 2:00 p.m. 

Powder Metallurgy and 

Processing of Metals 
(Abstract Session) 

Chairmen: M. Semchyshen, Climax 
Molybdenum Co.; J. Wulff, Mass. 
Institute of Technology 


SNT Technical Program 


Oct. 23-27, Cobo Hall 
Mon, 9:00 a.m. Educational Survey 


wae R. B. Oliver, Aerojet- 
General Corp.; National Presi- 


Scope of Present 
NDT Field ... D. W. Ballard, San- 


dia . 
Including Isotope Ra- 


High Gain for 1-MEV Photons .. . 
D. T. Green, Picker X-Ray Corp.; 
W. F. Niklas, Rauland Corp. 


Wed. 9:00 a.m. 

NDT In the Utilities Industry 

Conventional and Nuclear Steam 
Generating Equipment ... W. B. 
Brunn, E. 8S. Proctor, Combustion 
Engineering, Inc. 

Quality Control in Fabrication of 
Fuel Element Assemblies for Hal- 
lam Nuclear Power Facility ... 
B. H. Dixon, Atomics International 

Realistic Inspection of Power Plant 
Components to Reduce Service 
Failures .. . H. Thielsch, Grinnel 
Co. 

Inspection of Turbine Generator 
Parts During Manufacture and 
After Service ...D. L. Sauer, R. G. 
Matters, Allis-Chalmers Mfg. Co. 


Wed. 2:00 p.m. 

Electrical and Magnetic Techniques 

Disturbance of Magnetic Fields by 
Discontinuities in Thin-Wall Steel 
Tubes ... F. E. Brammer, W. C. 
Harmon, Republic Steel Corp. 

Eddy Current Testing of Tubular 
Steel Products ...H. N. Nerwin, 

flux Corp. 


Magna 

Eddy Current 
tion of Case Histories . 

Scheuer, General Electric os.” 

New Eddy Current Techniques 
R. L. Brown, H. L. Libby, General 
Electric Co. 

Controlling Eddy Current Testing of 
Tubing ...R. C. Barry, Westing- 
house Electric Co. 

Eddy Current Testing in the Petro- 


leum Industry ...P.L. Datt, T. R. 
Schmidt, Shell Development Co. 
Wed. 2:00 p.m. 


NDT In the Utilities Industry 

Testing of a Maintenance Tool for 
Power Plants ...T. D. Carr, R 
H. Zong, Philadelphia Electric 

Nondestructive Testing Methods for 
Metallurgical Analysis ... J. A. 
Klapper, Ebasco Services, Inc. 

Latest Nondestructive Testing 
Equipment and Techniques Used 
in Power and Nuclear Plants... 
(By various manufacturers) 

Panel Discussion on Nondestructive 
Testing Problems 


Thurs, 9:00 a.m. 

Transportation and 

Nondestructive Testing 

NDT in the Auto Industry ... R. B. 
Allured, General Motors Corp. 

Electronic Audit Gage . . . W. Gross, 
Performance Measurements Co. 

Use of Radioactive Tracers to Study 
Piston Ring Wear in Locomotive 
Diesel Engines ... A. S. Pedrick, 
Southern Pacific Co. 

Density Tests on Concrete “tag 
Gamma Irradiation ... R. 
Jefferson, Sandia Corp. 

NDT in Rubber Tire Industry . 

G. H. Halsey, General Tire and 
Rubber Co. 

Information Centers’ Role as Pos- 
sible Technical Communication 
Media for NDT ...M. J. Wahll, 
Battelle Memorial Institute 
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G. Abdian, National Science Foun- 
dation 


American Welding 
Society Program 


Oct. 26, Cobo Hall 


Thurs. 9:00 a.m. 

New Welding Processes 

Electro-Slag Welding ... W. H. 
Wooding, Arcos Corp. 

Applications of Electron- Beam 
Welding ...E. A. Franco-Ferreira, 
Oak Ridge National Laboratory 

Developments in Friction Welding 
...M.B. Hollander, American Ma- 
chine & Foundry 


Thurs. 2:00 p.m. 

Gas-Shielded Welding Processes 

Survey and Classification of Gas- 
Shielded Metal-Are Welding ... P. 
J. Rieppel, Battelle 

Modern Uses of CO, in Gas-Shielded 
Arc Welding ...W. B. Blackburn, 
International Harvester Co. 

Gas-Metal Arc, Arc-Spot and Con- 
tinuous Welding of CRS Sheet... 
T. W. Shearer, Fisher Body Div. 


Industrial Heating 
Equipment Association 


Oct. 24, Cobo Hall 


Tues. 9:00 a.m. 

Industrial Oven Applications in 

Metal Processing 

Metal Processing .. . J. W. Cornelius, 
DeVilbiss Co. 

Continuous Galvanizing ... F. Sand- 
born, Industrial Ovens, Inc. 

Coating Continuous Strip ...A. S. 
Dawe, J. O. Ross Engineering Div. 

Heat Treating Aluminum ... A. J. 
Snow, W. 8S. Rockwell Co. 


Brown, J. N. Behm, Sheffield \ 
A New Way To Measure Ulir 
Cavitation ...R. E. Heim, West- 


American Gas 
Association 


Oct. 24, Cobo Hall 


Tues. 2:00 p.m. 

New Equipment and Techniques in 

Melting and Heat Treatment 

Solving Heat Transfer Problems by 
Thermolog ... R. LaNeay, Selas 

Convection—Its Purposes and Prin- 
ciples ...J. Huebler, Surface Com- 
bustion Div. 


Special Libraries 
Association—Metals 
Division 

Oct. 26-27, Cobo Hall 


Thurs, 2:00 p.m. 

Development of Metals in Autos 

Chairman: E. B. Gibson, Carrier 
Corp. 

Microstructure and Material Proper- 
ties ...C. W. Phillips, Ford Motor 

A Metallurgist’s View of the Auto- 
mobile . . . J. Holsworth, General 
Motors Corp. 

Reliable Metals for Reliable Cars... 
R. Smith, A-C Spark Plug Div. 


Fri. 9:00 a.m. 


Tour of Scientific Laboratory, Ford 
Motor Co. 


Fri. 12:00 noon, Dearborn Inn 
The Past, Present, and Future of 
Man-Made Diamonds ... R. W. 
Co. 


Fri. 2:00 p.m. 

Tour of Ford Motor Co.’s “Hurricane 
Road” Wind Tunnel and Vehicle 
Testing Area 


REGISTRATION CARD 


Retain this card, fill it out and bring to Metal Show registration desk to save time in 


getting your Informa-Badge. 


NAME 


TITLE 


COMPANY 


DEPT. 


ADDRESS 


YOUR COMPANY’S BUSINESS OR PRODUCTS. 


IF YOUR COMPANY IS A MANUFACTURER, PLEASE CHECK ITS CLASSIFICATION: 
(] Ordnance & Accessories (0 Machinery (except electrical) (0 Transportation Equipment 
C) Furniture & Fixtures (metal) () Fabricated Metal Products CD Instruments Bin. 
Primary Metal Products Electrical Mach. & Equip. Misc. Mfg. Industries (metal) 


REGISTRATION FEE For ASM Sessions and Exposition: $2.00. (Except as noted below) oe Wie a: 7 

() ASM Members: NO REGISTRATION FEE for ASM Sessions and Exposition. Ee , 

(] AIME Members: $5.00 Registration fee includes AIME sessions, ASM sessions and Exposition; 
(] non-members: $10.00 AIME sessions, ASM sessions and Exposition. 3 

() SNT Members: $5.00 Registration fee includes SNT sessions, ASM sessions and Exposition; 
() non-members: $7.00 SNT sessions; ASM sessions and Exposition. 
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COME TO DETROIT 


An outstanding Metal Show with many innovations 
awaits you in Detroit this year. For the first time all ASM 
technical sessions as well as the exhibits will be under one 
root at Cobo Hall. For the first time a Materials Applica- 
tion Center —a technical and educational pavillion dis- 
playing a wide range of metal products and interesting 
upplications — will be sponsored by ASM. And for the 
first time in over ten years, the Show will be held in dy- 
namic Detroit, a great metalworking metropolis. 

In sponsoring this annual Metal Congress and Exposi- 
tion, ASM makes available to you an educational experi- 
ence in metal selection, processing and fabrication that is 
second to none. Nowhere else in the world will you find 
such an ambitious presentation of educational lectures and 
exhibits on the technical aspects of the metalworking 
industry. 

In addition to ASM’s extensive program this year, the 
engineering and scientific sessions of the Congress will 
include the programs of nine participating societies. A 
four-day metals engineering program will offer sessions on 
corrosion of automotive parts, new metal removal tech- 
niques, nonmetallic materials, and light metals. The 
Seminar this year will explore in detail the important sub- 
ject of ultrahigh-purity metals and ASM’s five-day scientific 
program will range in subject matter from structure and 
satay of steel, corrosion and physical metallurgy to 
nuclear and space-age metals. Two other special pro- 
grams will be sored by ASM — one on vacuum tech- 
niques in metallurgy and another entitled “Economics in 
Research and Engineering Through Literature Searching”. 


This is Your Invitation... 


You are cordially hnvited to vistt the 


NATIONA 


§ 


The Metallurgical Society of AIME is planning a full 
program, featuring sessions on “Breakdown of Cast Struc- 


tures” and “Continuous Casting”. Other subjects of in- 
terest include refractory metals, high-purity iron, nuclear 
fuel reprocessing, and theory of work hardening. 

The Society for Nondestructive Testing is presenting 
a five-day program covering radiographic, electrical and 
magnetic techniques, as well as applications for non- 
destructive testing in military ordnance and in research. 
The American Welding Society is cooperating in a pro- 
gram which will discuss new welding processes and re- 
view gas-shielded welding. The Metal Treating Institute 
will have a panel discussion “Can Your Costs be Reduced 
by Brazing Techniques?” and the Ultrasonic Manufac- 
turers Association will discuss ultrasonics in cleaning and 
machining operations. 

A newcomer to the Congress, American Gas Association. 
is sponsoring “New Equipment and Techniques in Melting 
and Heat Treatment” and the Metal Powder Industries 
Federation symposium — which includes papers on corro- 
sion-resistant powder metallurgy parts and plastic impreg- 
nation — should prove most interesting. As part of the 
Special Libraries Association program, a series of talks 
on “Development of Metals in Automobiles” will be pre- 
sented. 

A continuing effort is being made to make the Metal 
Show more and more useful to you and to the metalwork- 
ing industry. We expect more than 30,000 visitors, all 
of whom will surely benefit directly from this excellent 
Congress and Exposition. 1 would like to invite you 
personally to attend and partake of this outstanding array 
of new engineering technology. 


PRESIDENT 
AMERICAN SOCIETY FOR METALS 


TECHNICAL PROGRAMS 
Presentations of more than 200 papers 
provide a comprehensive source for lat- 
est information on technical metalwork- 
ing. Hours: 9:00 a.m. and 2:00 p.m. 
See program for details. 
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SHOW HOURS 
Monday, Oct. 23 10 a.m. to 6:00 p.m. 
Tuesday, Oct. 24 10 a.m. to 9:30 p.m. 


Wednesday, Oct. 25 10 a.m. to 9:30 p.m. 
Thursday, Oct. 26 
Friday, Oct. 27 


10 a.m. to 6:00 p.m. 
10 a.m. to 5:00 p.m. 
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43r d National Metal Congress 


and Exposition 
Detroit, Cobo Hall, Oct. 21 through 27, 1961 


Seminar on Ultra-High Purity Metals, Saturday and Sunday, Hotel Statler 

Technical Session, Monday morning through Thursday afternoon, Cobo Hall 

Metals Engineering Program, Monday morning through Thursday afternoon, Cobo Hall 
“Economies in Research and Engineering Through Literature Searching”, Friday morning, Cobo Hall 
Symposium, “Vacuum Techniques in Metallurgy”, Monday afternoon, Cobo Hall 
Awards Dinner, Monday evening, Statler Hote] 

Annual Meeting and Campbell Memorial Lecture, Wednesday morning, Cobo Hall 
Annual Banquet, Thursday evening, Statler Hotel 

National Metal Exposition, Monday through Friday, Cobo Hall 

Metallurgy-Ceramics Foundation Session, Monday afternoon, Cobo Hall 

Joint ASM-AIME Session on Professional Activities, Sunday evening, Statler Hotel 


Fall Meeting of the Metallurgical Society of AIME, sponsored by 
Technical Sessions, Monday morning through Thursday afternoon, Pick-Fort Shelby 


Annual Fall Dinner, Tuesday evening, Pick-Fort Shelby 


Society for Nondestructive Testing.......................... Headquarters, Henrose Hotel 


Technical Sessions, Monday through Friday, Cobo Hall 
Annual Dinner Meeting, Wednesday evening, Henrose Hotel 


Technical Session, Thursday, Cobo Hall 


Industrial Heating Equipment Association............................. (Jointly with ASM) 
Technical Session, Tuesday morning, Cobo Hall 


Metal Powder Industries (Jointly with ASM) 
Technical Session, Wednesday afternoon, Cobo Hall 


Technical Session, Thursday morning, Cobo Hall 


Ultrasonic Manufacturers Association... .. . (Jointly with ASM) 


Technical Session, Thursday afternoon, Cobo Hal 


Technical Session, Tuesday afternoon, Cobo Hall 


Special Libraries Association, Metals Division....................... Detroit-Leland Hotel 


Technical Sessions, Thursday and Friday, Cobo Hall 
Annual Dinner Meeting, Thursday evening, Cobo Hall 


Metal 
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October 1961 . . . Volume 80, No. 4 


Cover: The colorful array of parts on the cover is a striking 
introduction to our annual Metal Show Issue —this year 
devoted to special reports which will help you achieve lower 
production costs through proper metal selection. The cover, 
painted by Davin Fitcu, was an entry in last year’s Metal 
Progress Cover Contest at the Cleveland Institute of Art. 


Technical News in Brief 
Columbium Steel Passes Pipeline Test ...New Equipment Doubles Stainless Steel 
Capacity ... Two Columbium Ailoys for High-Temperature Applications . . . Silicone 
Coatings Reduce Scale Formation... Survey Reveals Status of Capacitor-Discharge 
Forming ...Plasma-Arc Device Deposits Metal Overlays... Materials Progress in 
Organic Adhesives... New Aluminum Alloy for High-Strength Welded Structures 


What Metal Shall | Use? 
. .. A Special Report to Technical Management in Metalworking 


What Steel Shall I Use . . . for Heat Treated Parts in Automobiles, Trucks and Tractors? 


In today’s automotive components, parts to be heat treated are made from a variety 
of carbon and low-alloy steels. Wide use is also made of selective heating processes for 


hardening. 


What Steel Shall I Use . . . for Heat Treated Parts in Business Machines 
and Home Appliances? 
Though manufacturers make many different types of items, heat treatment processes 
are usually restricted to case-hardening methods because wear resistance is the chief 
property desired. 


The Metallurgist’s Role in Selecting Materials for Business Machines, by D. C. Williams 
When choosing the correct alloy for a stress-bearing part in a business machine, the final 
decision is generally made through the combined effort of the design engineer and the 
metallurgist. 


What Steel Shall I Use . . . for Nitrided Parts?, by Wilson Leeming 


As a means of imparting wear resistance at elevated temperatures, nitriding is receiving 
much consideration. For example, H11 gears for long-time service at 500° F. are now 


being nitrided. 


What Alloy Shall I Use . . . for High-Temperature Applications (Above 1200° F.)?, 
by Ward F. Simmons 
Iron, nickel, and cobalt-base superalloys, for applications between 1200 and 1800° F., 
are likely to remain the only metallic materials for use at high temperatures under 
oxidizing conditions. 


What Refractory Metal Shall I Use . . . for Ultrahigh-Temperature Applications 
(Above 1800°F.)?, by D. J. Maykuth and H. R. Ogden 
On the basis of strength, molybdenum alloys appear superior to the other refractory 
metal alloys up to about 2800° F. At higher temperatures the strength advantage shifts 
to tungsten the} Columbium and tantalum alloys offer superior forming and welding 
properties and improved low-temperature ductility. 


Table of Contents Continued on Page 13-B 


The coding symbols on articles in Metal Progress refer to the ASM-SLA Metallurgical Literature 
Classification, International (Second) Edition, 1958 
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cast 


End Product is longer life and lower 
maintenance for heat-resistant parts 
... radiant tubes, furnace rolls, blow- 
pipes, gas generators and other tubu- 
lar or tubular-section components. 

Supertherm* is a 26% Cr—35% Ni 
alloy strengthened and stabilized 
with cobalt and tungsten. Super- 
therm* has proved its capability 
within the 1800-2300° F range and 
under very severe heat-cycling con- 
ditions. In many cases, the alloy 
has extended service life two to 


*Supertherm alloy (trademark) 


three times over previous operations. 

The uniformity, density, quality 
advantages of centrifugal casting are 
assured in full at Electro-Alloys, 
recognized as having one of the 
finest centrifugal-cast facilities in 
the country. 

For further information on Super- 
therm* and its applications, contact 
your nearest Electro-Alloys repre- 
sentative. Or write to Electro-Alloys, 
and a technical bulletin will be for- 
warded to you. 
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Metal Progress 


What Metal Shall I Use . . . for Die Castings? 


Of the major die casting alloys, those of aluminum are strongest and have the highest 
thermal and electrical conductivity. Magnesium alloys are lightest; zinc alloys are 
toughest and have the lowest melting point. Copper alloys are strong and corrosion 
resistant, but are relatively difficult to cast. 


What Metal Shall I Use . . . for Bearings To Be Employed at Elevated Temperatures?, 
by H. M. Lampert 


In selecting materials for high-temperature bearings, engineers must consider the type 
of environment and the lubricant as well as the maximum temperature that the bearing 
is to withstand. 


What Tool Steel Shall I Use . . . for Applications in Structures and Components? 


Already used in aircraft structures, fasteners, and wear parts, tool steels are valuable 
as primary engineering materials because of their high hot hardness, strength, wear 
resistance and toughness. 


What Metal Shall I Use . . . for Fabrication of Cryogenic Vessels and Equipment?, 
by George H. Zenner 
Techniques for selection and methods for welding metals for industrial cryogenic appli- 
cations are presented. 


What Metal Shall I Use . . . for High-Strength Welded Structures? 


Today, as more and more fabricators strive to make their products lighter and stronger, 
their attention is focusing on high-strength steels and alloys of aluminum and magnesium 
which can be fabricated into light but strong structures by modern welding techniques. 


Pre plated. prepainted and vinyl-laminated metals offer product designers an unlimited 
choice of colors, textures, patterns and finishes. 


What Metal Shall I Use . . . for Resistance-Weld2d Thermostats?, by Raymond M. Sears 
To be usable in temperature-controlling devices, bimetallic thermostats must often b- 
welded to other materials. 


Data Sheet 
Hardenability Bands for 1041 and 1045 . . . S.A.E. Recommended Practice 


Letters to the Editor 
Are You Becoming Obsolete?, by Kenneth E. Vandaveer; Karl M. Weigert 


Abstracts of Deiroi! Convention Papers 
The abstracts given here include resumés of all A.S.M. papers and many A.I.M.E. papers 
which will be “presented at the technical sessions of the 43rd National Metal Congress 
and Expos.tion to be held in Detroit. October 21 through 27, 1961. Also included 
are selecte | A.I.M.E. research abstracts 
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Press Breaks 
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For metallurgists 
with imagination 
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An important advance in metal powders! 


Clad powders with metal and non-metal 
cores open the way to new materials and 
technologies! 


Out of the laboratory and into commercial use comes 
a concept that promises to advance metal powder 
technology. 
Composite powders— made by Sherritt’s patented process 
—consist of finely divided metal or non-metal particles 
coated with nickel or cobalt. The composition of these 
particles can be controlled to produce a wide range of 
materials with improved or unusual properties. 
Composites with metallic cores include nickel-aluminum 
and nickel-tungsten. Various grades of graphite have 
been coated with nickel. High phosphorus alloys—not 
easily formed by conventional methods—are readily pre- 
pared with nickel or cobalt as the cladding. Carbides of 


tungsten, titanium, tantalum, chromium and silicon, and 
oxides such as alumina, silica, zirconia are used as core 
materials. Even ceramics and fibrous materials, such as 
asbestos and alumina-silica wool, have given good results. 
And, most recent of all, are coated-plastic powders, such 
as Teflon* coated with nickel. 

Applications range from electrical resistance alloys, 
controlled expansion alloys and hard facing alloys to 
welding rods, permanent magnets, cemented carbides, 
bonded abrasive tools, and many others. 

How will these metal-coated powders improve your 
processing or your products? What new uses will you 
make of them? If clad powders spark your imagination— 
or your curiosity—write our Technical Literature De- 
partment for free Booklet, ‘‘Metal and Composite 
Powders.”’ Or, ask a Sherritt Contact Metallurgist to 
call. Address request to Marketing Division, Sherritt 
Gordon Mines Ltd., 25 King St. West, Toronto, Canada. 


*Du Pont Trademark 


SHERRITT GORDON MINES LIMITED 
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Last montH we gave you a brief insight into the planning and 

contacts that go into developing the editorial content for a special 
issue such as this one which is built around the central theme “What 
Metal Shall I Use?”. You might be interested in knowing the reasons 
behind the planning for this most ambitious October project. The 
Editors have a strong conviction that throughout the ‘60's the tech- 
nical manager will have more and more to do with keeping the 
products of his company competitive through improved materials 
technology. In fact, he is likely to find that the selection of a material 
may well be the most important decision in creating the design for 
a product. As pointed out by Don Williams, chief metallurgist of 
Addressograph-Multigraph Corp., in his article on p. 79, the 
metallurgist is usually called upon to work with the design engineer 
in selecting materials for most parts used in manufacturing. Each 
new design brings new difficulties which must be resolved before 
production on a volume basis is practical. The combined talents 
of the metallurgist and the designer enable them to choose the 
correct material for virtually any application and to keep costs in 
line as well. 

But aside from new materials, engineers still have much to learn 
about the alloys now available in order to use them more effectively. 
Certainly some interesting things are in store. For example, when 
we were working on the lead article on p. 66, which discusses the 
selection and processing of steels for automobiles, trucks and trac- 
tors, Dale Breen of International Harvester Co.'s Motor Truck 
Div. (one of the many outstanding engineers who gave information 
to associate editor Carl Weymueller for this article) told us that 
he expected to see a “more finite understanding of the strength 
characteristics of steels now available and along with this, by experi- 
mental stress analysis, a more definite determination of the type 
and magnitude of strength required for a given application”. In 
other words, Dale expects a more positive combination of engineer- 
ing mechanics and metallurgical engineering to solve the practical 
materials problems of the future. 

Speaking of October projects, we will be on hand in A.S.M. 
Booth 650 in Cobo Hall in Detroit later this month so drop by to see 
us at the Metal Show. The special gatefold (inside front cover) pre- 
sents the program — one of the largest ever — in an easy-to-remove- 
and-take-with-you package which we believe will assist you greatly 
in planning your time. It also contains a registration card. To 
glean some idea of what the meeting offers, we suggest that you 
read President Pennington’s invitation included in the gatefold. 
You will learn that for the first time a Materials Application Center 
—a technical and educational pavilion displaying a wide range of 
metal products and interesting applications — will be sponsored by 
A.S.M. Nowhere else in the world will you find such an ambitious 
presentation of educational lectures and exhibits on the technical 
aspects of the metalworking industry —so take advantage of this 
opportunity and come to Detroit. 

Incidentally, we are indebted to Metal & Thermit Corp., Wyman- 
Gordon Co., Dow Metal Products Co., Aluminum Co. of America 
and General Motors Corp. who assisted us with the striking photo- 
graphs for the frontispiece (p. 65) of this special issue. Tae Eprrors 
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A wide variety of metallurgical processing 
work can now be performed by a single 
mill facility due to the development of 
this compact and versatile LOMA 2-high/ 
4-high Combination Rolling Mill, The 
equipment is suitable for both hot and 
cold work, and allows both shapes and 
flat stock to be rolled, with or without 
the application of tension. 


The machine is equipped with extra large 
capacity mill housings, roli journals, uni- 
versal spindies and drive transmission. 
This heavy-duty design allows the mill to 
take reductions of more than 50 per cent 
per pass while maintaining tolerances as 
close as 5 per cent of thickness. 


Change-over from the 8% in. x 10 in. 2- 
high to the 2% in. & 8% in. x 10 in. 4- 
high setup requires only 30 minutes. The 
2-high arrangement is used for either hot 
or cold breakdown rolling of plate and 
sheet, and grooved rolls are also avail- 
able to process rounds, squares and other 
shapes. In the 4-high setup strip is cold 
finish rolled to gauges as thin as 0.002 in. 


The LOMA mill is furnished with high- 
strength steel housings, twin-handwheel 
or dual-motor wormdrive screwdowns, uni- 
versal joint spindles, herringbone gear- 
ing, and an extra heavy-duty 25 h.p. vari- 
able-speed drive. The rolls are made of 
forged alloy steel and are hardened to 
100 Shore Scleroscope. The roll necks 
are mounted in super-precision needle 
roller bearings having a total separating 
force capacity of 350,000 Ibs. The bear- 
ings are continuously lubricated by a 
closed oil circulating system. 


LOMA 


MACHINE MFG. CO., INC 


114 East 32nd Stre 
ew York 16, N. 
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Included among the major products in the recent acqui- 
sition by the WIEDEMANN MACHINE COMPANY of the test- 
ing machine business from Baldwin-Lima-Hamilton are the 
complete lines of the well-known, time-proven fatigue ma- 
chines of the Model SF (Sonntag) and Model IV types. All 
existing standard models of testing machines and accessory 
fixtures are now offered by WIEDEMANN. 

These versatile testing machines are designed for the 
testing of materials, machine elements, and structural com- 
ponents in tension, compression, bending, torsion, or com- 
bined stresses. They may be used for completely or partially 
reverse loads or for uni-directional pulsating loads and, within 
the capacity of the machine, any alternating force may be 
superimposed over any desired pre-load. They differ basically 
from the crank-type of fatigue testing machines in that they 
produce a repeated constant load instead of a repeated con- 
stant deflection. 

Through the use of fixtures almost any type of stress 
may be obtained to simulate service conditions. In fact, the 
usefulness of the WIEDEMANN BALDWIN UNIVERSAL fatigue 
machines for simulated service test is limited only by the 
user’s ingenuity in designing proper fixtures. 

Write today for full details. 


Model SF-10-U equipped with fixture for torsion testing. 


DWIN. 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD KING OF PRUSSIA, PENNSYLVANIA 


Sales Offices: Mount Vernon, N. Y.; Silver Spring, Md.; Pittsburgh; Chicago; San Franciscd: in Canada: Peacock Bros., Montreal. 
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Columbium Steel 
Passes Pipeline Test 


It has been pointed out many times 
that, by using stronger steels, engineers 
can often achieve lower fabrication costs; 
although they may cost more than other 
grades, less is needed for the same load- 
carrying ability. This is true not only in 
large structures such as buildings and 
bridges but also in pipelines. 

A recent example which bears this out 
is a 47-mile line constructed in Texas by 
the Natural Gas Pipeline Co. of America. 
The line is a welded structure of a new 
columbium-treated steel, called XC-60, 
which has a guaranteed minimum yield 
strength of 60,000 psi. It was constructed 
at a saving of at least $1000 per mile (de- 
velopment costs included) compared with 
the established average cost for X-52 pipe 
steel, the strongest grade now in general 
use in pipelines. About 12% less steel per 
mile of pipeline was needed. In its 47-mile 
length, the 20-in. diameter line contains 
about 6580 tons of steel fabricated of 
XC-60 plate 0.250 in. thick. If it were 
made from X-52, it would have required 
some 7300 tons of 0.281-in. plate. Next 
use of the new steel will be in a 290-mile 
line which will be constructed of 30-in. 
diameter pipe. Savings of more than $4000 
per mile are expected. 

But a stronger steel is not the only de- 
manding requirement in the pipeline in- 
dustry. Strength must be accompanied by 
good weldability, an important factor be- 
cause the sections must be joined in the 
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field in all kinds of weather. Pipeline 
steels are carbon grades which rely prin- 
cipally on carbon and manganese additions 
for increased strength. Unfortunately, 
these elements cannot be added without 
making welding more difficult. In the new 
steel, developed by Great Lakes Steel 
Corp., Ecorse, Mich., columbium, which 
has no adverse affect on weldability, is 
substituted for some of the carbon or 
manganese that would otherwise be 
needed to reach a minimum yield strength 


WELDER Jorns COLUMBIUM-STEEL PIPE 
High-Strength Columbium Steel for 
Pipelines Need Not Be Preheated 
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of 60,000 psi. High strength is achieved without 
paying the penalty of poor welding characteristics. 

To produce the steel for the 47-mile pipeline, 
62 heats were poured. The steel, a semikilled grade 
contained 0.20 to 0.27% C, 0.89 to 1.28% Mn and 
0.006 to 0.018% Cb. Mechanical properties ranged 
from 65,000 to 83,000 psi. yield, 82,000 to 101,000 
psi. tensile and 22 to 32% elongation. Transition 
temperature, using 50% shear-50% cleavage frac- 
ture as a criterion, fell between—34 to 50° F., an 
improvement over X-52 steel which has exhibited 
transition temperatures of 20 to 90° F. 

Pipe was fabricated at A. O. Smith Corp. by 
flash welding and mechanical expansion. In burst 
tests, two 40-ft. lengths of the 20-in. pipe ruptured 
with 100% ductile shear fractures. Yield point and 
ultimate strength correlated closely with those 
obtained during tensile tests on -- 

Tests have shown that, when XC-60 pipe is 
welded in the field, heat input during all — 
should be kept to a minimum (particularly during 
the root pass) and the root gap should be closed 
to about 1/32 in. These precautions will prevent 
cracks in the root area and adjacent root bend. 
The significant difference in welding techniques 
for X-52 and XC-60 is that the latter requires no 
preheating. It welds much like mild steel and the 
weld puddle is more fluid than when X-52 is 
joined. Radiographic inspection of about 40% of 
the welds revealed only four defects. No cracks 
were found. 


New Equipment Doubies 
Stainiess Steel Capacity 


Speaking recently in Butler, Pa., Logan T. John- 
ston, president of Armco Steel Corp., cited alumi- 
nized steel as an example of “today’s specialty; 
tomorrow's commodity.” Equally true of stainless, 
electrical and other specialty steels, this hint to 
future progress explains much of the reasoning be- 
hind Armco’s long-range plans for expansion and 
improvement which will see close to $250,000,000 
being spent for new equipment and plant mod- 
ernization. 

Armco has just completed an $80,000,000 capi- 
tal-expenditure program at its Butler Works where 
hot and cold rolled steel, aluminized steel, railroad 
car wheels and electrical and stainless steels are pro- 
duced. The mill has doubled its capacity to pro- 
duce stainless steel. 

A new 56-in. hot strip mill, on which any of the 
steels —from carbon to precipitation-hardening 
grades — can be rolled, is a key factor in the in- 
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New Mitt Wine STAINLEss STRIP 
Cold-Rolled ay Up to 50-In. Wide Can Be 


Produced in Gages of 0.010 to 0.125 In. 


creased capacity. Other new or modernized equip- 
ment includes a 42-in. cold reversing mill for rolling 
silicon steels at up to 2000 ft. per min.. 
a four-stand, four-high tandem mill, a 52-in. Send- 
zimir mill (see photo) which can produce stainless 
strip in ga es of 0.010 to 0.125 in. and an anneal 
and pickle line for stainless. 


Two Columbium Alloys 
for High-Temperature Applications 


The report on refractory metals which begins 
on p. 92 points out that these elements — colum- 
bium, molybdenum, tantalum and tungsten — and 
their alloys are the only metallic materials that 
can be used for large structures above 1800° F. 
As indicated in the Metal Progress Fact Sheet, 
which accompanies the article, there are a growing 
number of refractory alloys now available to en- 
gineers who are looking for metals to fill their high- 
temperature needs. 

As we went to press, DuPent revealed that it 
will produce two new columbium alloys. One, 
known as D-14, is a binary containing 5% Zr; the 
second, D-36, is a ternary with 10% Ti and 5% Zr. 

The binary has a _— of 0.310 Ib. per cu.in. 
At room temperature it exhibits a yield strength of 
60,000 psi. and an ultimate tensile strength of 
75,000 psi. At 2000° F., tensile strength drops to 
about 30,000 to 32,000 psi. and at 2500° F., it is 
12,500 psi. Stress-rupture strength for 100-hr. life 
is 12,000 psi. at 2000° F. and 5500 psi. at 2200° F. 

The ternary alloy, D-36, is somewhat stronger 
at room temperature where it has a yield strength 
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of 70,000 psi. and an ultimate tensile strength of 
£9,000 psi. When 2000° F. is reached, tensile 
strength decreases to 23,000 psi. 

These alloys are intended primarily for hot sur- 
faces on re-entry vehicles. They are being produced 
as sheet and coiled strip in widths up to 28 in. 
wide and as thin as 10 mils and in various shapes, 
rounds, tubing and wire. Both alloys can be welded 
by the electron-beam and inert-gas, tungsten-arc 
processes and resistance seam or spot welded. The 
ternary, D-36, has an apparent advantage, how- 
ever, in that it may not need postweld heat treat- 
ment to obtain the corrosion resistance required 
in liquid-metal cooled reactors, a potential appli- 
cation for the alloy. 


Silicone Coatings 
Reduce Scale Formation 


One of the practical methods for protecting 
metal surfaces during heat treatment is to coat 
them with a silicone fluid. Described previously 
in Metal Progress (see “Surface Coatings Protect 
Parts During Heat Treatment,” Metal Progress, 
June 1961, p. 103), the use of silicones is particu- 
larly effective on stainless steels. 

As reported in the article, engineers at the Boe- 
ing Co., Seattle, Wash., were able to reduce total 
metal loss on stainless parts to 0.4 to 0.6 mil dur- 
ing three annealing and one descaling operation. 
The usual loss amounts to about 0.5 to 1.5 mil 
and descaling is required after each annealing 
treatment. 

Experience at Boeing has shown that one gallon 
of a silicone, such as Dow Corning 200 Fluid with 
a viscosity of 50 centistokes, will coat up to 2000 
sq.ft. On some alloys, the savings resulting from 
lower metal losses may be as high as $150. In addi- 
tion, acid costs are reduced by about $10 and 
faster production rates can give savings of $50 to 
$80. 


Survey Reveals Status 
of Capacitor-Discharge Forming 


Capacitor-discharge forming, a new high-energy 
technique for shaping metals, is based on the rapid 
release of energy (stored in a high-voltage capaci- 
tor) through an underwater arc or induction coil. 
Although it is a promising high-energy process, 
capacitor-discharge forming has been limited to 
shaping relatively small tubular and dished parts. 

Engineers at Republic Aviation Corp., Farming- 
dale, L. I., N. Y., who are making a study of the 
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process under an Air Force contract, reveal that 
parts formed in this country have included 4-in. 
steel tubes having %-in. walls, sheet metal parts 
such as a 7-in. diameter dish 3/16-in. thick and 
24-in. diameter domes. Most work has been done 
with aluminum and steel. 

Advantages of the process over explosive form- 
ing (see the special report in Metal Progress, 
August 1961, p. 66 to 78) are that it can be used 
in the plant, eliminates storage of explosives, allows 
repetitive discharges at high rates and can be pre- 
cisely controlled. 


Plasma-Arc Device 
Deposits Metal Overlays 


The plasma arc — probably more familiar to you 
as a high-speed mp, Ape (cutting speeds up 
to 300 in. per min. can be attained) — is also being 
used to deposit fully fused overlays for wear and 
corrosion resistance. 

With equipment which will be demonstrated at 
the A.S.M. National Metal Show in Detroit this 
month by Linde Co., Div. of Union Carbide Corp., 
New York, coatings 0.010 in. to 3/16 in. thick are 
deposited in one pass as a bead % to | in. wide. 
Penetration of the overlay into the base material 


PLasMa-Arc Deposits METAL COATING 
Overlays '/g to | In. Wide and 0.010 to 3/16 In. 
Deep Can Be Applied 
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can be held to a minimum of 0.005 in. and the 
overlay metal or alloy, which is fed through the 
hot plasma arc as a powder, is deposited at about 
6 lb. per hr. 

Linde engineers report that any metal or alloy 
can be used if it is available as a powder. It must, 
however, have a melting point close to or lower 
than that of the base metal. 


Materials Progress in 
Organic Adhesives 


When adhesives are used for bonding honey- 
comb structures, they give off gases during the 
curing process. As a result, each of the cells of the 
core must be vented. Unfortunately, the vents also 
permit water to enter the panel and, consequently, 
aircraft producers have limited their use of bonded 
sandwich structures. 

Recently, however, engineers at Vertol Div. of 
Boeing Co. in Morton, Pa. announced that they 
have been using a new polyamid epoxy adhesive 
which permits them to produce honeycomb panels 
without the need for vent holes in the core struc- 
ture. 

The adhesive comes in a roll and resembles thin 
plastic. It is placed between the honeycomb core 
and the aluminum facing sheets. This package, held 
together with tack rivets and wrapped in burlap, 
is then enveloped with a polyethylene bag. After 
the air is pumped out of the bag, the assembly is 
heated at 350° F. for 1 hr. to cure the adhesive. 

Vertol is now using 75 nonperforated honey- 


PoLyAMID Epoxy Bonps HONEYCOMB PANEL 
The Adhesive Gives a Metal-to-Metal 
Lap Shear Strength of 7000 Psi. 


comb assemblies in each of the YHC-1B helicop- 
ters it is building for the Army. The aircraft's 
large fuel pod, floor frames, walkway, rear loading 
ramps, radio shelves and work platforms are ex- 
amples. These structures replace heavier riveted 
stiffeners. They do not need special metal priming 
and masking operations, humidity-controlled rooms 
and drying ovens, and can be made faster and at 
lower cost than riveted structures. The adhesive, 
produced by Bloomingdale Rubber Co., will make 
metal-to-metal bonds having a lap shear strength 
of 7000 psi. 


From Here and There 


The Copper and Brass Research Assoc, an- 
nounced that the copper and brass industry has 
adopted a system of numerical designations for its 
wrought alloys. More than 100 copper and copper- 
base alloys will be classified by a three-digit system 
(example: berylium copper will now be identified 
as alloy No. 172). 


One of the largest quantities of strontium-90, 
fabricated at the Oak Ridge National Lab. as pel- 
lets and sealed in four Hastelloy C capsules, will 
be used as a power source for a Navy weather sta- 
tion in the Antarctic. The 40,000-curie source will 
produce 250 thermal watts which will be converted 
to about 12 watts of electricity to operate a tele- 
metry unit. 

e 


A process for coating fine wire with uniform 
crystals of Cb-Sn alloy has been developed by en- 
gineers at Radio Corp. of America, New York. 
Tests indicate that the wire, which can be produced 
at a rate of 30 ft. per hr., remains superconductive 
at cryogenic temperatures in magnetic fields of 
94,000 gauss while carrying a current of 7 amp. 


New Aluminum Alloy 
for High-Strength Welded Structures 


Excellent weldability, high weld efficiency, good 
corrosion resistance, high strength at elevated (450 
to 750° F.) and subzero temperatures are signifi- 
cant characteristics of aluminum alloy 2219. These 
properties and the application of the heat treatable 
alloy in a welded fuel tank will be described in two 
articles in Metal Progress next month. The articles 
supplement our first report on 2219 alloy which 
appeared in the September issue. 
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UM 700 with special function 
chassis and two transigates 


At Sperry, ONLY THE INSTRUMENT 
CONCEPT IS NEW...the company behind 
it has long years of leadership and 
proven reliability to back it. 


Sperry’s new modular concept for ultrasonic testing 
instrumentation makes possible innumerable com- 
binations from simple manual testing units to com- 
plex multi-function arrangements. 


The UM 700 Reflectoscope provides a basic testing 
instrument with a choice of interchangeable plug-in 
units in various frequencies. And, the new building 
block design makes provision for expansion of 
instrument functions through the addition of the 
UM 710 Special Function Cabinet. This cabinet 
mounted on the Reflectoscope accepts plug-in units 
designed to provide a broad selection of output 
capabilities. 


Automated production line testing is accomplished 
with the use of one or more plug-in Transigates. 
Each Transigate unit provides one channel gate 
with adjustable start and length, a discriminator 
level set, interface (first echo) gating, and visual 
and aural alarms. ' 


More sophisticated arrangements can be custom 
designed around the basic UM 700 using additional 
pulser receivers, transigates, process timers, channel 
counters and recorders, many of which are standard 
units. This is truly the answer to industry’s rapidly 
expanding testing requirements. 


Special arrangement for liquid 
contaminate sizing and counting 


See our exhibit at the 


METAL SHOW 


Detroit Oct. 23 —-27 


PRODUCTS COMPANT 


DIVISION OF HOWE SOUND COMPANY 


509 Sheltex Rock Road Danbury, Commecticut 
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HONEYWELL 


it’s what’s in the modules that matters! 


Take the newly designed modules in ElectroniK 15 
Potentiometers. These modules have operating 
and servicing features that represent the very 
latest developments in the art of reliable instru- 
mentation—1. Sectionalized motor module makes 
servicing a snap. Any major part of the servo or 
chart drive motors can be replaced in a matter of 
minutes. 2.Line-powered constant voltage module 
provides a completely automatic d-c voltage 
source and replaces batteries, standard cells, and 
standardization mechanisms. 3. Quick-change 


measuring circuit module reduces range or actu- 
ation changes to simple screwdriver operation. 
4. Quick-connect amplifier module is easily re- 
moved for servicing. Over 15 models available — 
for gain up to 40 x 10§, for input impedance of 
400 to 50,000 ohms. 


Get complete details by contacting your nearby 
Honeywell field engineer today. Minneapolis- 
Honeywell, Wayne and Windrim Avenues, Phila- 
delphia 44, Pennsylvania. In Canada, Honeywell 
Controls, Ltd., Toronto 17, Ontario. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlar.ds, Germany, France, Japan. 
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Stainless Steel Cups 
Selectively Annealed 


INDUCTION COIL 


Flanges of cups made from type 321 
stainiess steel are selectively annealed 
by induction heating prior to further 
forming. Flanges are heated to 2000° F 
and water quenched. Single-turn coil re- 
stricts heating to the flange area. 
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-— INDUCTION COIL 
ALLOY RINGS 
BRASS FITTING 


ot 00 0000 


OPPER TUBE SN 


RASS BELLOWS 


Brass bellows and copper tube are simul- 
taneously silver-alloy brazed to a brass 
fitting by induction heating. Plate-type 
induction coil produces proper temper- 
ature at each joint. 


WRITE FOR NEW LEPEL CATALOG 
Lepel HIGH FREQUENCY 
LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N.Y. 


CHICAGO OFFICE: 6246 WEST NORTH AVE 
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unlimited selection 
-unequaled service on... 


CARBON STEEL—No one even ap- 
proaches the size and diversity of our 
stocks of hot rolled bars, plates, struc- 


STEEL ALUMINUM. assure ne 
PLASTICS 


MACHINERY 


ing and flame-cutting. 


At Ryerson you will find the broadest selection of steel 
and aluminum in all types and sizes—plus plastics and 
machinery. Thus, you’re assured of unbiased recom- 
mendations on material and metal-fabricating machines 
to speed production and reduce costs. 

And backing up the size and diversity of stocks are 
these important services: certified quality controls; ex- 
pert technical help; industry’s closest cutting tolerances; 
dependable, on-time delivery. 

Take a quick tour of Ryerson on these pages, then 
contact your Ryerson representative for details. 
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TUBING & CF BARS—Tubing: seam- 
less and welded mechanical; structural; 
hydraulic cylinder & fluid line; Ledloy” 
170. Bars: shafting, machinery steel, 
accuracy and screw stock, including 
fast-machining Ledloy 375 and 300. 


ALUMINUM—Nation-wide service on 
Reynolds aluminum includes all mill 
products: sheets, plates, tubing and 
pipe; wire rod and bar; structural and 
extruded shapes; construction prod- 
ucts for buildings and highways. 


ALLOY STEEL—8-step certified quality 
program assures riskproof alloys— 
case-hardening, direct-hardening heat- 
treated alloys; leaded alloys, including 
fast-machining Rycut” steels; aircraft 
quality alloys; etc. 


SHEET & STRIP—More than 20 kinds 
of stock sizes—or we can cut sheets to 
your order with latest shears, slitters 
and cut-to-length lines for faster serv- 
ice. Also strip coils, etc. Call us for 
all your sheet and strip requirements. 


MACHINERY—More than 3800 types 
and models of metal-fabricating equip- 
ment for bending, braking, drilling, 
forming, hoisting, pressing, punching, 
rolling, sawing, shearing, threading 
and welding. 


STAINLESS STEEL—2351 sizes, shapes, 
types and finishes in sheets, plates, 
bars, tubing, pipe and fittings, etc. All 
certified to meet ASTM, SAE, military, 
DuPont or GE specifications. Check 
in for fast stainless service. 


INDUSTRIAL PLASTICS—Ryertex- 
Omicron PVC pipe, tubing, sheet and 
rod conquer more than 281 corrosives. 
Also rigid Kralastic and flexible poly- 
ethylene pipe and Ryertex® laminated 
phenolic resin plastics. 


BE METALOGICAL—All the plus values 
of our products and service add up to 
giving you “optimum value for every 
purchasing dollar. Whatever you need 
—steel, aluminum, plastics, machinery 
—be Metalogical, call Ryerson. 


This big friction saw bites through a 24” 
beam in less than 12 seconds. The accuracy 
of Ryerson cutting on all types of 
equipment is the closest in the industry. 


RYERSON =>) 


JOSEPH T. RYERSON 6 SON, INC., MEMBER OF THE g, STEEL FAMILY 


STEEL - ALUMINUM - PLASTICS - METALWORKING MACHINERY 
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through research by Barber-Colman 


Model 30D Automatic 
Dewpoint Controller 


INDICATES, RECORDS and CONTROLS 


moisture content of protective gas atmospheres 


VERSATILE OPERATION 
Specially designed for metalworking ana 
packaging processes, Model 30D con- 
trols degree of oxidation-reduction and/ 
or carburizing-decarburizing of atmos- 
phere for generators and furnaces. 


WIDE DEW POINT RANGE 
Model 30D detects and controls dew 
point in the range of —50°F to +110°F 
with any select span of 50° F. Assures 
high control accuracy within +.5° F. 


EASY MAINTENANCE 


Vapor state sensor does not condense 
out moisture sample. This eliminates 
troublesome refrigeration and reduces 
contamination. Model 30D requires mini- 
mum filter changes . . . inexpensive filter 
changed in 30 seconds. System in- 
corporates readily accessible, time- 
proven components. 


BARBER 


ULTRA-FAST RESPONSE 

A unique sensor design — moisture is 
not condensed during the continuous 
detection process. This makes possible 
a 5-second response speed per 10 ft. of 
sample line. 


LOWER OPERATING COSTS 


Low gas flow — 15 cu. ft. per hour sample 
gas for low waste and fast response. Low 
power consumption. Model 30D sensor 
reduces operating costs by eliminating 
the replenishing of salt procedure. 


SIMPLE MODULAR DESIGN 


Model 30D features minimum moving 
parts and maximum design simplicity. 
Indicating and control section can be 
remote from sensing unit for centralized 
control. 


Contact Barber-Colman today. 


COLMAN Industrial Instruments Division 
Dept. V, 1518 Rock Street, Rockford, Iilinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. V, Toronto & Montreal +» Export Agent: Ad. Auriema, Inc., NY. 
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Stainless Stee/ Edition 


BRAZING 
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— How to Make The Most of It 


BRAZING NEWS #85 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N.Y. 


As a premium-priced alloy, stainless steel war- 
rants every care to insure that the most effective 
use is made of the metal and that it receives no 
treatment that will impair its intrinsically supe- 
rior qualities. 


Thus, any method of joining stainless must be 
compatible with the most efficient and eco- 
nomical design methods and harmonize with 
the alloy’s metallurgical properties and the ulti- 
mate use of the fabricated part. 


That’s where brazing comes to the rescue. Both 
in fabrication and in use—brazing makes the 
most of stainless steel. 


IN FABRICATION 

Brazing alloys not only join stainless to itself 
but also make excellent joints with dissimilar 
metals. ® Brazing makes complex joints easily, 
economically. ™& Brazing is compatible with 
both thin and heavy components. ® The speed 
with which the brazing operation is performed 
and the relatively low temperatures employed 
minimize the danger of heat damage encoun- 
tered with other methods. In certain cases, the 
method can be used to heat treat and braze at 
the same time. ® By utilizing proper control of 
the brazing cycle and by use of preforms and 
the proper heating equipment, exact reproduci- 
bility of joints can be assured. & Brazing makes 
smooth, neat joints requiring little or no fin- 
ishing, and allowing no openings for product 
entrapment. 


DURING USE 

Stainless steel is usually employed on the basis 
of one or more of these broad categories: 

To serve the overlapping functions of providing 
fine appearance and excellent corrosion resist- 
ance. ® To withstand heat. &@ To withstand the 
embrittling effects of very low temperatures. 
® To protect the purity of foods, pharmaceuti- 
cals, beverages and similar materials during 
processing and provide surfaces that can easily 
be cleaned and sterilized. 


Handy & Harman has developed several spe- 
cialized groups of brazing alloys that assist in 
maintaining the effectiveness of stainless steel 
under each of these conditions of service. 
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HOW BRAZING 
PROVED 
A REAL 
LIFE SAVER” 
ON A TUBING 
PROBLEM 


When the LIFESAVER 
Corporation planned an 
addition to its plant in Port 
Chester, N.Y., they de- 
cided on stainless steel 
thin-wall tubing for con- 
veying sugar and corn syr- 
up solutions. Stainless was 
a logical choice for its abil- 
ity to protect solution 
purity and because it was 
not affected by the fer- 
menting tendency of the 
sugar. 


Joints represented a special 
problem in that they not 
only had to exhibit the 
same good properties as 
the stainless but also had 
to exclude the possibility 
of crevices in which fer- 
ment could lodge and breed 
fungus. Threaded connec- 
tions were out, of course. 
Brazing saved the day, pro- 
viding smooth, strong, 
crevice-free joints that are 
also corrosion-resistant and 
free of contamination ten- 
dencies. 
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A SHOCKING EXPERIENCE 
-THERMALLY, THAT IS 


The nearly instantaneous plunge from 
ambient temperatures of about 100°F to 
nearly —300°F experienced by this liquid 
oxygen-carrying hose assembly at one of 
our missile bases is about as severe an ex- 
ample of thermal shock as you can find. 
Yet the stainless steel hose, manufactured 
by Anaconda Metal Hose, takes the punish- 
ment with ease. So do the brazed connec- 
tions made with Handy & Harman EASY- 
FLO and EASY-FLO 35. 


In addition to good cryogenic properties, 
the fabricator obtains these substantial 
benefits: higher burst pressure limits, since 
brazing does not anneal the base metal... 
and the ability to perform joining opera- 
tions with less equipment and less labor 
expense than other methods would entail. 
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BRAZING 
A SIMPLE SOLUTION 
FOR COMPLEX JOINING 
4 PROBLEMS 


The ability of brazing to join nearly any 
variety of dissimilar metals allows the 
fabricator to build an impressive diversity 
of properties into a single part. In this 
bobbin assembly for a gas valve, the plug 
is made of leaded copper, the screw of 
Type 446 stainless steel, the tubing of 
Ambrac copper-nickel-zinc alloy, and the 
base of Type 303 stainless. Two rings of 
EASY-FLO 3 join the entire assembly, 
allowing the fabricator to use stainless se- 
lectively—how and where he wants it. 
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HERE'S 
SOMETHING 
YOU CAN GET 
YOUR TEETH INTO 


... And you probably have, 
many times. This “Dual 
Arm Transmission,” manu- 
factured for dentists by the 
Super-Donic Manufactur- 
ing Company, Atlanta, Ga., 
is the vital link between the 
drill and its motive power. 
Fabricated of small diam- 
eter Types 304 and 316 
Stainless steel tubing, it in- 
volves some 17 separately 
brazed joints. 


By Brazing with Handy & 
Harman BRAZE 630 and 
Handy Flux Type B-1, the 
manufacturer gets strong 
joints that withstand con- 
stant vibration and han- 
dling, withstand humidity 
or other corrosive atmos- 
pheres and match the color 
of stainless as well. 
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IN UNION 
THERE |S 
STRENGTH 


...Especially when the 
union is made by brazing. 
Stainless-clad metals are 
economically made by 
Bridgeport Brass to exact 
finish gauge by brazing 
with Handy & Harman 
EASY-FLO 45. 


This method produces an 
integral bond that holds 
firm even under severe 
conditions of forming and 
use and is ideal for manu- 
facturing an entire range 
of products varying in type 
from the famous Bridge- 
port Copperware to-heat- 
exchanger tube sheets. The 
corrosion resistance and 
fine appearance of stainless 
... the thermal conductivity 
of copper...the economy 
of carbon steel...the spe- 
cialized properties of other 
metals — all can be easily 
combined in any combina- 
tion by brazing. 


Nothing less than 100% joint integrity will do for these stainless steel filters, manufac- 
tured by Dynamic Filters, Inc., Detroit, Mich. Brazing with EASY-FLO provides it— 
plus some other highly desirable features. Made by bonding very fine stainless wire mesh 
to a coarser backing screen, forming to shape and attaching fittings, the filters present a 
multitude of joints, large and small, that must be completely free of flaws if the units are 
to perform their task properly. EASY-FLO handles the task with ease—penetrates quickly 
into small voids and capillary spaces, then solidifies to form strong, neat joints requiring 
a minimum of finishing. Brazing is compatible with both the fine mesh wire and heavier 
fittings . . . does not anneal or harm delicate components. 
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“| Fabricate Stainless For Many Types of Service- 


The choice of a proper brazing alloy de- 
pends on a number of factors, including the 
kind of service to which the stainless steel 
part will eventually be put. Handy & 
Harman has developed many specialized 
alloys each of which is tailored to render 


conditions. 

NORMAL INDOOR USE 
For many conditions of use, where stain- 
less steel is being used for decorative and 
appearance reasons, EASY-FLO renders 
excellent performance and is extremely ver- 


satile in joining stainless to itself or to a 
wide variety of other metals. 


WET AND HUMID ENVIRONMENTS 
A group of brazing alloys has been de- 
veloped by Handy & Harman for the spe- 
cific purpose of preventing interface (crev- 
ice ) corrosion which can occur when brazed 
stainless steel joints, particularly in the 400 
series, are exposed to constant humidity. 


HIGH TEMPERATURE USE 


For brazed assemblies that must operate at 
high temperatures, Handy & Harman pro- 


WILL 

maximum life and service in a given set of EASY-FLO 

HANDLE 
THEM 


duces a whole family of brazing alloys, some 
of which are suitable for joints exposed to 
temperatures as high as 1800-2000°F. Each 
alloy is designed to conform to a specific 
set of temperature and oxidizing conditions. 
The choice of alloy depends upon certain 
fabrication requirements regarding flow, the 
degree of penetration and solution of the 
base metal which can be tolerated, and the 
heating equipment available. 


PURITY-SENSITIVE APPLICATIONS 
Where stainless steel equipment is to be 
used in processing or handling foods, phar- 
maceuticals, beverages or similar products, 
Handy & Harman cadmium-free brazing 
alloys are available to help protect products 
from objectionable metallic contamination. 


FLUXES, TOO 
Our famous Handy Flux will handle the 
great majority of stainless brazing jobs you 
may be called on to perform. However, 
‘ where brazing involves the formation of 
particularly refractory oxides or the use of 
high brazing temperatures or prolonged 
heating cycles, one of Handy & Harman’s 
specialized fluxes may be preferable. 


IF YOU HAVE THE STAINLESS- 
We Have The Brazing Materials—And Any Technical Data You Need 


If you’re fabricating stainless for either a standard line 
of products or to meet customers’ special needs, chances 
are we can help you get better results. We have a library 
of information that is at your disposal to help you select 
the best brazing alloys and fluxes for the job and suggest 
optimum brazing procedures. Any part of it is yours for 


the asking. As a start, we suggest you send for our new 
Brazing Alloy Selection Chart For Stainless Steel. Just 
write us or check number 1500 on the reader service 
card. Remember, too, that our Technical Service Staff 
is available at all times to assist you with brazing prob- 
lems of any nature. 


HANDY & HARMAN 


General Offices: 850 Third Avenue *» New York 22, N. Y. 


Offices and Plants: Bridgeport, Conn. * Chicago, Ill. « Cleveland, Ohio + Dallas, Texas * Detroit, Mich. 
Los Angeles, Calif. « Mt. Vernon, N. Y. © Providence, R. |. * Montreal, Canada * Toronto, Canada 
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You can depend on Tem palstile® 


Each batch of Tempil- 
stiks® is certified for 
melting point by our lab- 
oratory — and independ- 
ently tested for accuracy 
by a distinguished firm 
of metallurgical chemists. 


OF AMERICAN INGENUITY 


Tempilstiks® have earned an enviable acceptance as one of the standard 
methods of determining temperatures—in both science and industry. 
This gratifying position is the result of many years of accumulated know- 
how and unremitting research and development. 


Available in 100 systematically spaced temperature ratings from 100° 
to 2500° F, inclusive 


Most leading industrial supply houses carry Tempilstiks®. If yours is an 
exception, write to us for further information and the name of your 
nearest distributor. 


=70 
Tempil CORPORATION * 132 West 22nd St., New York 11, N.Y. 
Visit us at Booth 928 * 1961 ASM Show * Cobo Hall, Detroit, Michigan * October 23-27 
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HOW BOYERTOWN KEEPS 
EVERY BODY HAPPY 


Boyertown Auto Body Works of Boyertown, Penn- 
sylvania is keeping delivery truck owners, drivers 
and maintenance men especially happy these days 
by using a new, all-around material in its body 
construction: J&L Nickel-Copper-Titanium high- 
strength forming steel. 


The owner is pleased because lighter weight means 
lower operating cost. And Boyertown has been able 
to save from 600 to 650 pounds over mild steel in 
a 12-foot forward control delivery body—with no 
sacrifice of strength! 


The driver is satisfied because the increased duc- 
tility of J&L Nickel-Copper-Titanium makes it pos- 
sible for Boyertown to design bodies with greater 
flexibility—provide more convenience and safety 
for the man behind the wheel. 


The maintenance man is happiest of all, though. 
J&L Nickel-Copper-Titanium has 4 to 6 times the 
corrosion resistance of mild steel. (For extra pro- 
tection, Boyertown coats it with rust-inhibiting zinc 
chromate). It has greater abrasive and impact 
resistance, and less tendency to dent and wear. 


When maintenance is necessary, dents can be 
easily “bumped out,” and repairs are quick and 
inexpensive. 


That’s why Boyertown—a pioneer in the use of high- 
strength steel—continues to specify J&L Nickel- 
Copper-Titanium for its exterior and interior truck 
panels, posts, ribs, cross members, floors, doors 
and windshield assembly. Ask your J&L salesman 
about J&L’s other new high-strength steels, JLX-W 
Columbium-Bearing and J&L “Cor-Ten.” 


Jones & Laughlin Steel Corporation 


3 Gateway Center, Pittsburgh 30, Pennsylvania STE EL 
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to bring your 
testing machine 
file up to date... 


New bulletins* to help keep you informed 


about today’s modern testing equipment are 
being offered by Riehle Testing Machines. 
To up-date your reference file with this new 


technical information, check the list below and clip it to 


your letterhead. Literature you request will be sent promptly. 


CHECK BULLETINS WANTED — MAIL TODAY 


[) *Riehle Recorder and Accessories plus Supplement [] Hardness Conversion Chart for Hardened Steels 


() *Riehle Universal Testing Machines Featuring Electro- ] Impact Testing Machines 


Balanced Indicating Unit and Instrumentation 
(0 +The Charpy Impact Machine and Procedure for Inspecting 


Creep and Stress-Rupture Testing Machines and Testing Charpy V-Notch Impact Specimens 
An Axial Loading Creep Machine (J Cable and Wire Testers 


*The Riehle-Los Hydraulically Actuated Fatigue (] *Calibration Catalog 


Testing Machine 
) Handsome wall plaque, reading: “One Test is Worth 


*Measuring Instrumentation Components and Complete a Thousand Expert Opinions.'*» 
Systems for Force and Distance 


® 
Construction Materials Testing Machines and Accessories 
Rie h le TESTING MACHINES 


Torsion Testing Machines 


A DIVISION OF 


<<." American Machine and Metals, Inc 


EAST MOLINE, ILLINOIS 
Brinell Hardness Testers “One test is worth o thousand expert opinions’’ 


Divisions of American Machine and Metals, Inc. 


TROY LAUNDRY MACHINERY © RIEHLE TESTING MACHINES © DE BOTHEZAT FANS 
TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS © FILTRATION FABRICS © NIAGARA 


Vickers Hardness Testers 


FILTERS © UNITED STATES GAUGE © RAMM INSTRUMENTS © LAMB ELECTRIC COMPANY 


Portable Hardness Testers for Rockwell Readings HUNTER SPRING COMPANY © GLASER-STEERS CORPORATION 
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Heating 


Cabinet for 
Metallurgical Chilling 


The use of liquid CO, for the ini- 
tial temperature reduction of stainless 
steel prior to rerolling is costly. Cin- 
cinnati Subzero Products, by modify- 
ing heavy-duty chilling units used in 
stabilization and precipitation harden- 
ing, is supplying chambers which will 
chill stainless steel to —150° F. The 


in motion during heating, exposure to 
atmosphere, and quenching. Avail- 
able in standard sizes with capacities 


up to 1500 Ib. per hr., the 600° to 


1850° F. operating range of the fur- 
nace permits processing of ferrous and EW PRODUCTS e 
nonferrous parts. e NEW PRODUCTS 
For further information circle No. 1196 NEW PRODUCTS e 


on literature request card, p. 48-B 
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W 
High-Temperature EV 
Electric Furnace 
The “Model SNXKSG” furnace has NEW PRI S 
two adjacent hot zones, one operating ° NEW PF S 
at 2900° F. and the other operating a DUCTS © NEW 
simultaneously at 2300° F. Each zone ODUCTS NEWePR 
has a work area 6% in. wide by 24 in. eNEW PRODUCTS 
“Model ST-120-15”, on display at the —_ long by 2% in. high and is equipped Ew PRO! oe 
Detroit Metal Show, will chill 200 Ib. with its own temperature recorder, NEW PF CTS e 
of steel per hr. from ambient to —120° _ saturable core reactor, and tap-trans- PRODUCTS e N 
F. The 36 by 24 by 30 in. chamber _ former to assure maximum flexibility W PRODUCTS e 
has a capacity of 4000 Btu. per hr. at —_ and control. The furnace is available ° EW PRODUCT 
—120° F. and requires 440-v., 60- in any combination of preheat, high- : Pans : 
cyle, three-phase power plus a 115-v. temperature and cooling zones, and is PF TS 
control circuit. furnished with all necessary power PRO Se 
For further information circle No. 1195 —_ controls plus platinum thermocouples. R¢ oN 


on literature request card, p. 48-B 


Automatic Carburizing 
Furnace 

The American Gas Furnace Co. will 
exhibit at the Detroit Metal Show an 
improved and larger “Automotion” 
furnace with a capacity of 800 Ib. per 
hr. Advantages of the “Model 139- 
MDR’” in continuous heat processing 
and case hardening are lower operat- 
ing and maintenance costs plus proc- 
essing uniformity, since parts are kept 
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Pereny Equipment Co. 


For further information circle No. 1197 
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Lobo Hall Rm. 3035, 2 to 5 PM, Mon., Oct. 23 


I. Hayes is phe pioneer "of vacuum heat treating furnaces. 
ve more impPrtant, Hayes still leads today in the 
developmenf of new, high-temperature, high-vacuum 
furnaces t@ meet the needs of Industry. Here are just a few 


THESE HAYES 

examplegof how Hayes solved tough and unusual heat 
VACUUM FURNACES treatinggproblems with Vacu-Master furnaces . . . in each 

WERE DESIGNED FOR case @ordinating furnace design with job requirements. 
Th@Wrersatility of Hayes Vacu-Master Furnaces has been 
INDUSTRIAL HEATING JOBS prgved . . . from sintering at temperatures to 4600°F to a 

TO 0 HOT TO H ANDLE de variety of conventional applications including 

BY OTHER FURNACES! 


Vacuum Heat Treating Symposium - 
See us in Booth 938 at the Metal Show 


nnealing, brazing, hardening, tempering, sintering and 
degassing. Perhaps your heat treating problem can be 
solved more efficiently, more economically with a > 
Hayes Vacu-Master furnace. 


% installed in A West Coast Aircraft Plant, 


The Atomic Energy Division of a Delaware 
this Hayes Vacu-Master provides automatic 


% In Upper New York State, this Hayes Vacu- 


% At Another New 


Master operates in the 2200-2300°F Temper- 
ature range at sub-micron vacuum for braz- 
ing complex stainless steel assemblies. The, 
Hayes cold-wall, fully water-jacketed furnac 
design provides most efficient cooling of t 
vacuum chamber .. . and contributes to og#f- 
ating comfort. On one job alone, the Vgtu- 
Master has reduced reject rate four fold 


ork Plant, a beryllium- 
copper hardening#job called for a furnace 
that could oper: in the 650°F range within 
+3°F — also ‘urnace capable of handling 
by simple chag§es in control settings Ni-Span 
C (1400°F ge), stainless steel annealing, 
copper bragfig, etc. The answer: this versa- 
tile Hayes #/acu-Master with wide-range tem- 
perature @pabilities. The result: quality out- 


put wit t costly rejects. 


* Mid-West Auto Parts Manufacturer proved 


Corporation utilizes the close temperature 
control (less than + 10°F) of this high-speed 
Hayes Vacu-Master in the 2000°F range for 
a specialized processing job. Heating chamber 
of the Vacu-Master has no metal retort. Direct 
heating means extremely rapid cycling .. . 
higher quality processing at tremendous 
Savings. 


the versatility of this Hayes Vacu-Master to 
handle general heat treating applications in 
600°F to 2200°F temperature ranges. With it, 
the company has been able to perform eco- 
nomically many difficult annealing, hardening, 
and brazing operations. 


programmed control for a complex brazing 
operation. Temperature control of workpiece 
is within +S°F. Vacuum processing plus ‘high 
speed vacuum cooling insure correct metal- 
lurgical structure. Hayes Vacuum Furnaces 
feature saturable reactor controls to keep 
element and workload temperatures uniform 

. keep furnace downtime and maintenance 
to the minimum. 


** FIRST Commercial Vacuum Furnaces sold to 


industry were designed by Hayes in 1929 for 
one of the nation’s largest electrical manufac- 
turing firms. These production-scale vacuum 
furnaces were used for processing vacuum 
tube components. Advanced design features 
included full-jacket cold wall construction 

. way ahead of contemporary equipment! 
They're still working today! 


Complete lab facilities are at your disposal without cost. And 
results are guaranteed! Write for Bulletins 5709A and 5709B 


describing Hayes Vacu-Master furnaces. 


ELECTRIC\ 


FOUR INFORMATIVE 
PAPERS: 


MES OF 
ON REQUEST. 


1. Furnace Design 
2. Instruments and Controls 
3: Vac. Pumping Systems 
4.. Practical Applications 


802 WELLINGTON AVE. 


Combined with “Stump the Experts” ty 
COBO HALL RM 303 . 2 to 
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HAYES, inc. 


Established 1905 


CRANSTON 10, R. | 
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Electrically Heated 
Box Furnace 


Employed in hardening, annealing, 
normalizing, and preheating, this unit 
may be operated with or without a 
protective atmosphere up to 1950° F. 
Heating elements are located in the 
door, sidewalls, and below the hearth 
for even heat distribution. The fur- 
nace is built in 21 sizes with heating 
chambers ranging from 8 in. wide by 
18 in. long by 5 in. high to 48 by 96 
by 30 in high. Sunbeam Equipment 
Corp. 

For further information circle No. 1198 


Four-Tube Diffusion Furnace 

The 36-in. long heating chambers 
in this unit will reach a maximum 
temperature of 1300° C. (uniformity, 
+1° C. in 18 in.). Each of the two 
zones has 12 “Globar” elements, a 9 
kva. tap-transformer and a propor- 
tioning unit to indicate control tem- 


peratures. A detachable, automatic 


pusher mechanism has adjustable 
travel stops, a soak timer (up to 30 
hr.) and a variable-speed control; it 
accommodates four pusher arms hav- 
ing a travel distance of 34 in. Lind- 
berg Engineering Co. 

For further information circle No. 1199 
on literature request card, p. 48-B 


Amplifier for 
Proportional Power 

A magnetic amplifier system made 
by Hevi-Duty Electric Co. can control 
temperature in an electric furnace 
within 0.19 at 1400° C. Coupled 
with a saturable core reactor the unit 
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is the electrical equivalent of an equal 
percentage valve in that a linear 
change in the system input will pro- 
duce a ee change in process 
power. Believed to be the first truly 
“ape ay power system, it can also 

used to control any mechanical or 
electrical process where a_propor- 
tional power curve is required. The 
instrument operates from any auto- 
matic control system on 110-v., 60- 
cycle, single-phase power with a 0 
to 5 milli-amp input; output is 0 to 
85 v., d-c. 


For further information circle No. 1200 


Finishing 


Continuous Automatic 
Finishing 


High-production finishing of metal, 
plastic, or ceramic parts is possible 
with a new line of vibrating gyrators 
from Pangborn Corp. Operating with- 
out supervision, the unit automatically 
conveys the work; cleans, screens, and 
recirculates media; and adds water 
and compound as required. Using 
the same gyrator action and air-cush- 
ion suspension as standard units, the 
machine cleans, descales, deburrs, 
grinds, colors, and bumishes with 
equal precision and uniformity. 

For further information circle No. 1201 
on literature request card, p. 48-B 


Roll Coating of Alodine 


Alodine, the amorphous chromate 
prepaint finish, can now be applied to 


THERMOCOUPLE 
COMPONENTS 


Wires, insulators, protecting tubes, 
heads, blocks, connectors and miscel- 
laneous components—supplied in 
countless combinations, for highest pos- 
sible accuracy in any given application. 
Thermocouple components are ameng 
many thousands of accessories—allavail- 
able from a single dependable source 
—that can help 
your instruments 
perform at their 
very best. 


Get complete de- 
tails from your | 
nearby Honeywell 
field engineer, or 
write today for 
Catalog G100-3. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
in 


since tee6 
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calling for high 


temperature with precise* 
and flexible control— 


EREN 
EQUIPMENT, 


SERIES» 


for controlled atmosphere 


at temperatures from 
1300°F to 2900°F 


*For the ultimate in precision control, Pereco units are 
available with saturable core reactor systems. 


An SNX unit which has a 3-stage ‘‘hot"’ zone 
separated from both the pre-heat and water- 
cooled exit zones by interior blast gates, 
manually operated from outside. 


es For sintering, brazing, reduction, 
Si annealing, metallizing and coating, 
calcining and experimental work 
in many other areas. 


Pereco Series SNX Straight-Line Furnaces are avail- 
Fs able in any multiple or combination of pre-heat, high 
k temperature, and cooling zones depending upon the 

requirements of the work to be handled. For example, 
the unit shown above has two immediately adjacent 
Zs hot zones; one operating at 2900°F while the other 
@ Operates simultaneously at 2300°F. The high tem- 
perature zone is heated with molydisilicide elements 
and the other with silicon carbide elements. Each 


: has its own power controls. This arrangement, as 
well as other special operating features — coupled 
§ with Pereco proven design “know-how” and high- 


quality furnace construction — typifies Pereco’s capa- 
bilities for designing or modifying a straight-line 
furnace to meet specific needs. 


Above: Model SNX-200, for con- 
trolled atmosphere work in sintering 
powdered metals, brazing and other 


specialized applications in metallurgy 
or ceramics, Automatic, solenoid- (maximum 2700° F.) heat treating work. 


operated flame curtains, with manval Hot zone incorporates 2 separately con- 
or bh ical pusher yst optional. trolled banks of silicon carbide heating 


elements. 
Write Today 


for Pereco Recommendations 
and “‘get-acquainted" bulletin 


wae 


Above: A 3-zone, straight-line, manual 
pusher-type furnace (SNX-81072) suited 
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coils of aluminum by roller coating. 
The equipment handles coils up to 24 
in. wide at speeds up to 150 ft. per 
min. Reducing application time from 
15 sec. to 5 sec., hes alodine solution 
is never reused — eliminating the need 
for chemical control and costly equip- 
ment to remove harmful contaminants. 
The corrosion-resistant aluminum coils 
produced are fabricated into awnings, 
siding, and other building products. 
Amchem Products Inc. 

For further information circle No. 1202 
on literature request card, p. 48-B 


Seven Finishing Jobs — 
Simultaneously 


Five side tubs and a divider for the 
main tub allow finishing of many dif- 
ferent parts at the same time in a 
“Vibrahone” machine. The auxiliary 
units, which save time, labor, and cap- 
ital investment in finishing small runs 
of different sized parts, are rubber 
lined to cushion workpieces. The tubs 
tilt for rapid draining and are easily 
attached to any size of finishing ma- 
chine. Minnesota Mining & Mfg. Co. 
For further information circle No. 1203 
on literature request card, p. 48-B 


Nylon-Clad Baskets 

Special wire baskets made by Wire- 
tex Mfg. Co. eliminate damage to pol- 
ished precision parts during handling 
and ultrasonic cleaning. Represent- 
ing a cost saving of 40% over stainless 
steel baskets, the nylon-coated fixtures 
prevent metal-to-metal contact and 
stand up well under rigorous ultra- 
sonic cleaning action. The nylon 
coating has high moisture resistance 
(less than 0.5% pickup), is unaffected 
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by most solvents, and has the highest 
temperature resistance of any thermo- 
plastic material. 

For further information circle No. 1204 
on literature request card, p. 48-B 


Buffing Compound Cleaner 
Cowles Chemical Co. announces a 
compound for cleaning bar and liquid- 
type buffing compounds from zinc die 
castings. Proven effective in numer- 
ous production tests, “Buff-Off’ con- 
tains no amines, which often interfere 
with plating operation. The product 
will not streak, etch, or darken cast- 
ings. Because it is stabilized, control 
procedures are simplified; only prod- 
uct additions are necessary to main- 
tain efficient operation. 
For further information circle No. 1205 
on literature request card, p. 48-B 
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Welding Light-Gage Metal 


Semiautomatic “MiniArc” equip- 
ment welds light-gage metals in any 
position, is fast in operation, and elim- 
inates much clean-up time because 
it reduces spatter. Consisting of an 
AM-S8 torch, WC-5 control with wire 


for HARDENING BRAZING 


SOLDERING * FORGING * ANNEALING 
MELTING * SINTERING « 


THER-MONIC 


i 


drive, and interconnecting gas and 
flexible conduit assemblies, the unit 
has a wire feed rate from 55 to 500 
ipm, and can handle wire diameters of 
0.025, 0.030 and (.035 in. In addi- 
tion to CO, and argon-CO, mixtures 
for shielding, the Mir‘Arc can use 
pure argon and pure helium. Na- 
tional Cylinder Gas Div. 

For further information circle No. 1206 
on literature request card, p. 48-B 


All-Position 
Welding Electrode 


Air Reduction Sales Co. offers an 
E7018 iron powder, low-hydrogen 
electrode for all-position welding of 
steel. The balanced coating on the 
“Easyarc 328” (conforms to MIL- 
22200) provides fast, efficient metal 
transfer in welding low-alloy, high- 


strength steel and mild steel as well 


tions resolved in our 
service laboratories. 


and know-how qualify us to 
prescribe the techniques and 
equipment best suited for you 


INDUCTION HEATING CORP. 
181 WYTHE AVE., BROOKLYN 11, N.Y. 


Subsidiary of Hathaway Instruments, Inc. 
Circle 1471 on Page 48-B 
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Does it measure up to 
space age requirements? 


Look to INSTRON for advanced instrumen- 
tation to meet the challenge of testing 
requirements in modern metallurgy. 
Today’s Instrons are assisting re- 
searchers in the development of a broad 
range of space age materials ranging 
from high-temperature alloys to high 
energy fuels — solving some of today’s 
most difficult problems, many of which 
are beyond the range of conventional 
test equipment. 


THE INSTRON UNIVERSAL TESTER — Per- 
forms tension, compression, flexure, 
creep, hysteresis, and other tests of me- 
chanical behavior. For high precision 
studies of all types of metals and alloys, 
including such special materials as 
whiskers, single crystals, and pyrolytic 
graphite. Handles wide load ranges 
through low inertia weighing system. 
Servo controlled testing speeds from 
0.002 to 20 inches per minute. Various 
models and sizes to meet widest range 
of applications. Full scale load ranges: 
2 grams to 10,000 Ibs. 


TABLE MODEL INSTRON —- Compact de- 
sign with complete line of accessories for 
automatic load and extension cycling, 
stress relaxation and energy measure- 
ments. Economical, versatile instrument 
for testing foil, fine wire, and other light 
samples. Full scale load ranges: 2 grams 
to 200 Ibs. 


HIGH-TEMPERATURE TENSILE TESTING 
EQUIPMENT — To meet the demands of 
modern metallurgical engineering, 
Instron offers equipment for performing 
tensile tests at temperatures up to 
2200°F, in either a vacuum or controlled 
atmosphere. 

The result of extensive development 
work, and established in years of actual 
application, this unique equipment has 
proven valuable in high temperature 
alloy research, particularly in studying 
the behavior of such metals as molyb- 
denum, titanium, and niobium. 

Available in single or dual furnace 
models. 


INSTRON HIGH TEMPERATURE CREEP TEST- 
ING EQUIPMENT — Makes possible highly 
accurate creep measurements at tem- 
peratures up to 2200°F in air or con- 
trolled atmosphere. Unit includes 
vacuum-tight capsule with pull rods, 
grips and gaging apparatus, precision 
self-compensating lever loading system, 
furnace, and separate recorder-con- 
troller. 


EQUIPMENT FOR RADIOACTIVE TESTING — 
Remote control equipment for in-cell 
testing of irradiated materials. Design 
permits testing assembly to be moved in 
and out of the hot cell with ease — 
features such advantages as 50:1 selec- 
tion of full scale load ranges with a given 
load cell; 1000:1 remote selection of 
crosshead speeds; remote, servo-oper- 
ated dials; and remote air-operated 
grips. 
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INSTRON CAPILLARY RHEOMETER — For 
measuring flow properties of polymers 
and other non-Newtonian fluids. Consists 
of extrusion assembly mounted on con- 
ventional Instron Universal Tester, with 
temperature controls contained sepa- 
rately. Sample is forced out through a 
capillary by a plunger driven by the 
moving crosshead. Features: constant 
shear rates ; wide range of speeds ; perma- 
nent data recording; interchangeable 
capillaries; high precision heat control 
(to +0.5°C.) 


DIGITAL PRINTOUT SYSTEM — Complete 
system incorporated in either floor 
model or table model INSTRON. Pro- 
vides automatic printout of selected 
values from stress-strain curves. System 
ideally suited for high volume testing in 
quality control and statistical applica- 
tions. Selected parameters for printout 
may include maximum load or stress; 
breaking load or stress; extension; 
energy to break, modulus, etc. 


2 Visit us at booth 1021, 
Metals Show, 

Cobo Hall, Detroit 
October 23-27 


For advanced instrumentation in stress-strain 
behavior, look to 


INSTRON 


ENGINEERING CORPORATION 
2507 Washington Street, Canton, Mass. Sales and service of- 
fices the world over. . . staffed with Instron-trained engineers. 


METAL PROGRESS 
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as high-carbon, high-sulfur, and enam- 
eling steels. Used with alternating or 
direct current, reverse polarity, the 
electrode is available in 14 in. lengths 
and in 3/32, 1/8, 5/32 and 3/16 in. 
diameters. 

For further information circle No. 1207 


Portable Flame-Cutting 
Machine 


Fast, clean cuts in metal ranging in 
thickness from light-gage sheet to 2- 
in. plate can be made with Linde Co’s 
CM-75 “Cadet”. This 19-lb. machine 
is equipped with a clutch for instant 
free-wheeling control. Operating at 


speeds up to 30 ipm., it can be used 
with acetylene, propane or natural 
gas for straight-line, look circle, and 
contour cutting. The unit comes com- 
plete with an. rigging, four nozzles, 
circle-cutting attachment, a set of 
balance weights and a heat shield. 

For further information circle No. 1208 
on literature request card, p. 48-B 


D-C. Are Welder 


Simplified controls for gas-shielded 
and submerged arc welding are fea- 


tured on the Westinghouse “Model 
RCP”. This 500 to 600 amp. selen- 
ium rectifier unit, suitable for semi- 


automatic and automatic operation, 
provides relatively flat volt-ampere 
characteristics for maximum arc sta- 
bility. This insures instant arc start- 
ing and recovery, as well as reduced 
burn-back and stubbing. Other fea- 
tures of the machine include open- 
circuit voltage control and “de-ion 
life-linestarter” welder control. 

For further information circle No. 1209 
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BASKETS 
ANP GRIDS 


with a basketful of specific 
money-saving features 


¢ FABRICATED — not cast . . . for more 
consistent performance in the fur- 
nace and in the quench. 


e LESS BASKET WEIGHT — more pay- 
load. 


Standard for use in 
Hevi-Duty furnaces. 


@ TREMENDOUSLY RUGGED .. . top 
rings, bottom rings, sidewalls. 


@ FASTER RECOVERY TIME . . . more 
efficient, economical furnace opera- 
tion. 


Four-trunnion 
top ring. 


@ ENGINEERED to withstand THERMAL 
SHOCK better than heavier designs. 


¢ EASIER TO HANDLE. 


@ ROLOCK PRESSURE WELDED GRIDS 
. with round rods and LOW-MASS 
joints, do not crack, last much longer. 


Standard for 
use inL&N 
furnaces. 


Customer “X” (name on request) is just one who 
reported such practical savings as “one extra 
eight-hour cycle per week.” 


And finally please note that our STOCK program 
on popular sizes and types of baskets, trays and 
grids enables us to assure PROMPT shipment. Let 
us quote on your current needs. 


SALES AND SERVICE FROM COAST TO COAST 
ROLOCK, INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 
Easier Operation, Lower Cost 


Circle 1473 on Page 48-B 
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HARD. CARBIDE ALLOYS AND METALLURGICAL PRODUCTS 


PRODUCTS 


PROPERTIES 


TYPICAL APPLICATIONS 


Kennametal 
(tungsten- 
base 
carbides) 


YME of 60 to 90 million psi. 

Compressive strength higher than virtually all melted 
and cast or forged metals and alloys. 

Kennametal outwears steel up to 100 to 1. 

Impact strength in the range of hardened alloy steels of 
very much lower hardness and compressive strength. 

Thermal expansion about half that of steel. 

Compositions to withstand one or various combinations 
of destructive agents such as abrasion, corrosion, 

galling, impact, and erosion, or meet specific require- 

ments as to stiffness, strength and weight. 


Metalworking and mining tool cutting edges. 
Die inserts. 

Seal rings. | 
Integrator discs. ; 

Needle valves and cones. 

Compressor liners. 

Pulverizing hammers. 

Abrasion resistant knives, blades, shears. 
Boring bars. 

Spray orifices. 

Balls and seats for oil well pump valves. 


Kentanium* 
(titanium- 
base 
carbides) 


Superior strength and abrasion resistance at tempera- 
tures 1800°F. and up. . . temperatures that rapidly 
destroy conventional carbides or high temperature 
cast alloys. 

Can be subjected continuously to operating tempera- 
tures up to 2200°F., and up to 5000°F. for short 
periods. 

Greater resistance to thermal shock than ceramics. 

Highest stiffness-to-weight ratio of any material. . . 
approximately 24 the weight of steel. 

YME up to 60 million psi. 


Sensing elements for high temperature 
thermostatic controls. 

Spinning tools for hot metals. 

Flash-trimming tools. 

Turbine components. 

Balls for pump check valves. 

Nuclear reactor equipment. 

Rotary seal rings. 

Hot rod mill guide inserts. 

Anvils for spot welding. 

Balls for hot hardness testing. 


Refractory 
Carbides 


High purity. 
High melting point—5000°F. to 7000°F. 


In powder form as basic materials. 
Acid resistant parts and crucibles. 
High temperature furnace parts. 


Kennertium* 
(heavy 
tungsten 
alloys) 


Nominal Density: 16.5 to 18.7 gm/cc. 
Machinability? Good. 

Tensile Strength: 40,000 to 90,000 psi. 

Corrosion Resistance: Excellent. 

Readily brazed with Easy-Flo No. 3 Compound. 
Available as bars, rods, rings, discs, special shapes. 


Counterweights. 

Radioactive shielding. 

Isotope containers. 

Atomic watch shielding. 

Shielding—cobalt and X-ray medical equipment. 

Rotational parts—flywheels, governors, 
gyroscope components. 

Electrical contactors for high current, 

heavy duty applications. 


Niobium 


Metal—99.8% grade. Granules, arc melting electrodes, 
bar, strip. 

Metal—99.5% and technical grades. Powders, gran- 
ules, arc melting electrodes. 

Oxide—99% and 99.5% grades. Fine powder. 


Arc melting electrodes: 
Nominal size 1” x 2” x 20’. 
Niobium-base alloy electrodes also available. 
Powders: 20 to 80 mesh. 
Granules: 1%” to 40 mesh. 


Tantalum 


Metal—99.9% (capacitor) grade. 

Solid form—strip, bar, wire. 
Metal—99.5% grade. Granules. 
Metal Powder—99.8% grade. Fine powder. 
Oxide—99% grade. Fine powder. 


Anodes: Sintered for both liquid and solid 
electrolytic capacitors, wide range of sizes. 

Strip: .001” to .100” thick, up to 12” wide. 

Wire: From .005” to .030”. 

Powder: 200 mesh. Other sizes available. 

Oxides: In analyses and particle sizes to 

meet specific requirements. 


*Trademark 


FOR DETAILED INFORMATION send for: 


1. Properties of Kennametal— 24-page in designing with carbides, fastening meth- 


outline of the company, its histo: 


ry, manu- ods, typical applications. 


tions, machining and joining recommenda- 
tions, and engineering service. 


facturing methods and facilities. Plus a 4. Proven Uses of Kennametal and Ken- Write Dept. MDE, KENNAMETAL INC., 


detailed description of Kennametal and 
Kentanium characteristics. . . 
mechanical properties, with suggestions for 


design application. 


2. Kentanium— 12-page description of physi- 
cal characteristics and applications. 

3. Designing with Kennametal—42 pages 
of design ideas . . . problems and solutions 


28 


physical and 


cilities, and services. 


heavy tungsten 


Circle 1474 on Page 48-B 


6. Kennertium—8 describing this new 
alloy: properties, applica- 


tanium—28-page case history book illus- 

trating wear, component parts, and other 
special applications in 26 major industries. 
Cites customers’ savings, Kennametal fa- 


IinDUSTRY AND 


KENNAMETAL 
Partners in Progress 


METAL PROGRESS 


; 
| 
| 
| 
| 
| 
- = 
| 
» 


Testing 


New Metallographic 
Apparatus 

William J. Hacker & Co. will dem- 
onstrate new metallographic tech- 
niques and instruments at the 1961 
National Metal Exposition in Detroit. 
Included will be “DP” polishing, elec- 
trolytic lapping, and metal microtomy 
using an automatic microtome. For 
high-temperature microscopy, a vac- 
uum-heating stage with a range up to 
1800° C. provides for rapid heating 
and cooling of samples while under 
microscope observation. An electron- 
ically controlled dilatometer and a 
thermo-balance represent new contri- 
butions to analysis. 
For further information circle No. 1210 
on literature request card, p. 48-B 


Air-Operated Hardness 
Tester 


Brinell hardness of castings and 
other large parts can be easily deter- 
mined with a wide-clearance (34-in. ) 


“Air-O-Brinell” tester from Tinius Ol- 
sen. Positive application of test loads 
to 3000 kg. is assured because load is 
indicated on test gage before being 
applied to the part. Once set, an 

number of tests can be conducted wi 

full assurance of uniform load appli- 
cation. Operation requires only a small 
air supply — 1.2 cu.ft. of delivered air 

r min. — to maintain accuracy. 

For further information circle No. 1211 
on literature request card, p. 48-B 


Electron Microscope 


A series of attachments on the 
“Model JEM-6A” can heat, chill or 
subject a specimen to stress, as well 
as take motion pictures of metallurgi- 
cal changes. The instrument has con- 
tinuous direct magnification of 600 x 
to 200,000 x. Electronic magnifica- 
tion can be increased by enlarging 
photographs made in the micro- 
scope. Resolving power is high — 12 


OCTOBER 1961 


Angstrom units under ordinary con- 
ditions, 8 A. under ideal conditions. A 
daylight-loading 16-mm. cine-camera 
takes motion pictures at speeds of 
1.5, 3, or 6 frames per sec.; film can 
also be exposed one frame at a time. 
Fisher Scientific Co. 

For further information circle No. 1212 


Portable Strain Indicator 
The “Type 20” indicator provides 
digital readout — eliminating interpo- 
lation from dials and meters — and 
doubled gage factor range (1.50 
through 4.50). The instrument gives 
fast, dependable results with most 
strain gages in one, two, or four-arm 
networks, and with strain-gage trans- 
ducers, bonded or unbonded. The 
counter gives readings from 0 through 
5000 micro-in. per in.; accuracy is 
0.1% of reading or 5.0 micro-in. per 
in., whichever is greater. The indica- 
tor also provides a demodulated out- 
put from the scope jack so that dyna- 
mic strains — up to 50 cycles per sec. 
and 5000 micro-in. per in. —can be 
seen, minus the carrier, on a cathode- 
ray oscilloscope. Baldwin-Lima-Ham- 
ilton Corp. 
Circle No. 1213 on literature request card 


Casting 


Induction Melting Furnace 
Designed for research and develop- 
ment work or short-run production, 
a vacuum furnace with a capacity of 
50 Ib. will be exhibited by F. J. Stokes 
Corp. at the 1961 Metal Show. The 
“Model 436-504” features a large- 
capacity alloy additions system, con- 
sisting of four 36-cu.in. buckets and 
one 200-cu.in. bucket enclosed in a 
feed chamber. The buckets empty 
onto a vibrating trough and chute in 
any sequence desired. Cycle time has 
been reduced by increasing pump- 


down speed of the vacuum pumping 
system, utilizing a “Model 1710° 
mechanical booster pump to back up 
a 10-in. “Ring-Jet” oil diffusion pump. 
For further information circle No. 1214 


| EROBRAZE 


) Now has FIVE 
Vacuum Brazing 

\NY/_ and Heat Treating 

Furnaces added to its 


ApS 


hydrogen facilities 
to better serve the 
Metals Industry. 


WHEN THE VACUUM 
TECHNIQUE is the 
preferred method for 
processing your fin- 
ished parts, this 
added facility at 
Aerobraze can help 
| you produce better 

products .. . at re- 
duced cost. 


BRAZING 
“7 \ HEAT TREATING 
ANNEALING 
| HARDENING 
DE-GASSING 
SINTERING 

OF 


| SUPER ALLOYS 
REACTIVE METALS 
COMMON METALS 


Learn more about 
' this ally for your 
alloys by visiting 
our Booth +908 
at the 

43rd NATIONAL 
METAL SHOW 

in Detroit, 

Oct. 23-27. 


EROBRAZE 


CORPORATION 
30012 Lakeland Bivd., Wickliffe, Ohio 
Phone: WHitney 3-6330 
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You'll see these 
brand-new 

Lindberg Generators 
at the Metal Show 


Schematic Flow Diagram 
of Lindberg HYEN Generator 


New Lindberg 


air-cooled 750 ¢.f.h. 
HYEN Endothermic 
Generator 
THON 
CHAEMBER TO PROCESS 
i 
SAMPLE 
4 
? 
i 


SLOWER 


Mixture for Cracking guy gg Finished Atmosphere 


New Lindberg Model200 
HYAM Ammonia Dissociator 
To be shown for the first time are two Lindberg’ generators de- 
signed and engineered for improved efficiency and ecdnomy in 
the production of metallurgical atmospheres. 


The new Lindberg HYEN ENDOTHERMIC GENERATOR is a 
fully automatic process for producing low cost protective 
atmospheres for bright hardening, bright annealing or bright 
brazing of steel totally free from decarburization or carburi- 
zation. It will provide significant production economies; more 
precise operation and lowered maintenance costs. This new 
unit is air-cooled, eliminating the expense and trouble of 
water cooling systems. The HYEN Generator is available in 
200, 500, 750, 1000 and 1500 c.f.h. capacities and larger sizes 
can be provided if desired. 


The Lindberg HYAM AMMONIA DISSOCIATOR, Model 200, is 
a brand-new development offering a combination of efficiency, 
capacity and compactness never before available to industry. 
The unit requires less than 2 square feet of floor space. 
Operating at capacities up to 200 c.f.h., it is guaranteed to 
maintain or exceed 99.95% dissociation efficiency (at 150 
c.f.h. 99.99% efficiency is guaranteed). It is particularly de- 
signed for pilot plant applications, research and, develap- 


ment, where high purity of atmosphere is required: See: 
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to get the right information on methods and 


equipment for producing and controlling 
—~ftallurgical 
atmospheres 


control systems 


Talk it over with Lindberg in age eer 
either dew-point or Him 
Booth No. 706 at the Metal Show COr infra-red . 


Because of the importance of metallurgical atmospheres in A—Dew point 
equilibrium curves for 


metal working we are giving the subject major emphasis in vith Carbotsol have 


our exhibit at the Metal Show. Visit us there and you'll be been established by 
Lindberg for types 


able to learn about all the latest developments in methods oh etdd adil 
and equipment for producing and controlling these atmos- _ temperatures involved. 
pheres. You’ll find us well qualified to offer authoritative ad- S-Typlest Orage es 

‘ 2 Carbotro!l performance. 
vice in this field because we’ve pioneered in it. Note consistency 


In equipment, the first endothermic atmosphere generator of control. mo Be 
was developed by Lindberg many years ago. Through the years ae 
generators for varied types of metal treating atmospheres have 
been developed, including units for exothermic, dissociated ii 
ammonia and inert atmospheres. And we have kept adding ~“* nit the 
refinements and improvements to set continually higher aoe : 
standards of efficient and economical performance. 


Years ago, too, Lindberg designed the first equipment for 
controlling metallurgical atmospheres, thé Lindberg Carbotrol. a 
For this, Lindberg research also created dew point equilibrium md 
curves to establish proper atmosphere values for types of steel. ” a 
and temperatures involved. The Carbotrol automatically con- 
trols these values. It is also available incorporating the new 
COz infra-red system of control. Since Lindberg makes both 
types we are in an ideal position to recommend the method “is iets» sansa 
most suitable for your specific processes. an 

When you visit us at the Show you'll also be able to get the 
latest information on Lindberg’s complete line of heat treating 
equipment, everything from a laboratory furnace no bigger 
than a breadbox to a gantry type installation six stories high. 

If you don’t get to see us at the Show you can get full infor- 
mation on all Lindberg equipment from your local Lindberg 
Field Engineer (see your classified phone book) or write us 
direct. Gas Process Division, Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, Illinois. 


—f+4+—-4 


Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. in Canada: Birlefco- 
Lindberg Ltd.,15 Pelham Ave., Toronto 9, Ont. Also, Lindberg plants in Argentina, Australia, 
England, France, Italy, Japan, Spain, Switzerland and West Germany. 

Circle 1476 on Page 48-8 
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NEWEST 
FURNACE GAS ANALYZER 
built specifically to analyze 
gas components 

in furnace atmospheres 


typical applications include: 
HEAT TREAT FURNACES 
BLAST FURNACES 
ANNEALING LINES 
OPEN HEARTH FURNACES 
GAS GENERATORS 


SIMPLE gas chromatography 
technique eliminates delicate 
optics and glassware. 


RUGGED designed for in-plant 
environment. 


RELIABLE automatic standard- 
ization for each cycle. 


FEATURING: 
e TREND RECORDING — 
for up to eight components 
e COMPLETE ANALYSIS 
every five minutes or less 
e BUILT-IN SAMPLING SYSTEM 


e COMPATIBLE WITH CONTROL 
SYSTEM 


Visit us at the Detroit Metal Show 
— Booth 1133. 

See the RCI Furnace Gas Analyzer 
and also get full information about 
RCI’s irect Reading Spectro- 
meters. 


32 Circle 1477 on Page 48-B 


SENSING UNIT 


HANDLING UNIT 


D CONTROL INSTRUMENTS, INC. 
he, Woburn, Mass, 
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ss) 9% Nickel Steel reduces cost 
of handling cryogenic liquids 


More than 400 vessels of 9% nickel steel have been put 
to use storing liquids at temperatures down to —320°F. 


The hemispherical heads shown being fabricated here 
are designed for liquid oxygen storage at —297°F. 
Some of these ASME Code designed and stamped 
vessels were fabricated of USS 9% Nickel Steel at 
Pittsburgh-Des Moines Steel Company for use by Air 
Reduction Company, Inc., New York. 

The vessels are 9 feet in diameter and 16 feet in over- 
all length including the heads. They will operate at a 
normal design pressure of 270 psi. Plate thicknesses are 
0.700” in shell plates and 0.375” and 0.350” in head seg- 
ments. Tanks were stress-relieved after welding. 


Low carbon, 9% nickel alloy steel was developed to 
provide a ductile, moderately priced steel for storing 
such cryogenic liquids as ethylene, methane, oxygen and 
nitrogen in the range from —150°F to —320°F. 

USS 9% Nickel Steel maintains good strength, tough- 
ness, and excellent ductility at sub-zero temperatures 
down to —320°F. At room temperature it has a minimum 
yield strength of 65,000 psi and high charpy impact 
values, while at —320°F, double-normalized and tem- 
pered 9% nickel steel shows a 36% increase in yield 
strength, and charpy keyhole impact values range from 
20 to 40 ft/lbs. Since tensile properties and impact values 
are even better for quenched and tempered 9% nickel 
steel, recognition by various code groups of the suitabil- 
ity of such treatment is now being considered. 


10% lower costs. Accumulated data on cryogenic 
vessels of 9% nickel steel suggest that minimum savings 
of 10% of the final erected costs can be expected from 
advantages in welding and fabrication alone, in compari- 


For maximum strength... toughness... safety 


son with non-ferrous metals. Economies due to higher 
strength are also possible. An allowable ASME working 
stress of up to 23,750 psi permits reduction in vessel 
weight with lower unit costs. 

Acceptance of 9% nickel steel in the as-welded con- 
dition by code and regulatory bodies would make this 
steel even more attractive to designers and fabricators 
since the vessel would cost less to produce without stress- 
relieving, and would be less expensive. 


Results of ‘Operation Cryogenics.” 
Impact tests conducted late in 1960 on three full-size rec- 
tangular vessels in the as-welded condition (not stress re- 
lieved) proved they could withstand impacts far beyond 
any likely to occur in service. Burst tests on six cylindri- 
cal vessels, also at —320°F, showed that burst pressure for 
the three as-welded vessels (not stress relieved ) averaged 
higher than that of the three stress-relieved vessels. 
Burst pressure for all six vessels was at least four times 
the design pressure. These tests proved that 9% nickel 
steel has the high strength, low temperature toughness, 
and weldability needed for cryogenic pressure vessels. 
For the complete story of USS 9% Nickel Steel, in- 
cluding all the details of “Operation Cryogenics,” write 
to United States Steel, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. 


United States Steel Corporation - Columbia-Geneva 
Steel Division - National Tube Division - Tennessee 
Coal and Iron Division - United States Steel Supply 
Division - United States Steel Export Company 


United States Steel 
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Towering five stories high, this 
vertical cooling tower forms a vital 
part of United States Steel’s spec- 
tacular new heat treating facilities 
shown on the next two pages. The 
forging is placed on a stool which 
can be rotated. Cooling is accom- 
plished by the use of air or water, 
as required. PLEASE LIFT FLAP 


—— 
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From the cradle to the lathe 


This mark tells you a product is made of modern, dependable Steel. 5) 


New vertical heat-treating facilities 
handle world’s largest rotors 


How would you handle a forging that starts out 
as a 521,000-pound ingot and ends up as one of 
the world’s largest generator rotors weighing 
114 tons? 

To accommodate forgings like this at its Home- 
stead Works, United States Steel has installed 
seven new vertical heat-treating furnaces, a cool- 
ing tower and a unique “upender”’ cradle which 
tilts these large forgings with ease to a vertical 
position for crane pick-up. The new furnaces rise 
25 feet above, and extend 25 feet below the floor. 
They can accommodate turbine and generator 
rotors with an overall length of 45 feet maximum 
and a maximum body diameter of 60 inches. 

The vertical heating and cooling equipment 
allows large rotors to be uniformly heat treated 
in the upright position after they have been 
forged and machined. 

One of the outstanding jobs for the new equip- 
ment was heat treating some of the largest gen- 
erator rotors ever made. One of these is shown 
below being machined in the 120-inch lathe after 
it received its heat treatment. (The smaller rotor 


suspended from the crane in the big picture at 
the left is a different forging.) 

In forgings such as these, heating and cooling 
operations must be carefully controlled to assure 
proper structure in the steel. Using the skill that 
only time and experience could give him, Al 
Sauer, a veteran in our Homestead Works, super- 
vises the careful heat treating of these forgings. 
After heating, they are transferred to the 50’ 
high cooling tower where they are cooled at con- 
trolled rates. Then they go back for. further 
machining, testing, boring, more heat treating, 
final machining, sonic inspection, and shipment. 

United States Steel makes many forgings for 
all kinds of applications. Here, a team of experts 
supervises and controls every step of forging pro- 
duction. Let them handle your next order. For 
more detailed information about USS Quality 
Forgings, write United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pennsylvania. 

United States Steel Corporation, Pittsburgh « Columbia-Geneva 


Steel, San Francisco « Tennessee Coal & Iron, Fairfield, Alabama 
United States Steel Export Company 


Shown here are four of the 
seven new vertical heat- 
treating furnaces, housed 
in a modern 125 foot high 
building, that give United 
States Steel the ability to 
handle the largest genera- 
tor and turbine rotor forg- 
Ings that can be made. 


One of the world's largest 
generator forgings being 
machined in our 120-inch 
lathe, After final machin- 
ing, it weighed 114 tons. 


United States Steel 
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Send for new movie, 
“How to Weld (iss) ‘T-1’ Steels” 


This new 18-minute, 16mm color motion picture shows concisely the 
practices involved in welding USS ‘‘T-1’’ Steels. If you are fabricating 
“T-1"’ Steel in your shop, this film and copies of the booklet will be a big 
help in demonstrating the proper technique to your welders. Fill out 
the coupon below and indicate the number of booklets you will need. 

Included in the booklet is a handy welding heat-input calculator that 
helps a welder choose the proper welding machine settings. The film, 
together with the booklet, will help every welder to weld USS ‘“‘T-1” 
Steels readily and successfully. 

We'll gladly lend you the film and furnish enough free copies of the 
booklet and heat-input calculator for your shop personnel. USS and 
“T-1"’ are registered trademarks. 

United States Steel Corporation * Columbia-Geneva Steel Division 
National Tube Division * Tennessee Coal and Iron Division * United 
States Steel Supply Division * United States Steel Export Company 


United States Steel, Room 6384 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Gentlemen: 
Please lend me your 16mm color, sound movie, “How to Weld USS'T-1' Steels.” Also, 
send me__ booklets of the same title. | understand there is no obligation. 


Title 


Company 


Address 


City___ 
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You can have higher production on accurate pre- 
determined lengths . . . direct from the coil because 
of these features: {mproved low-inertia flying-shear 
cutoff. Simplified electric trip mechanism assures 


positive tripping of clutch at high speed. Independ- 


ent gauging mechanism permits greater accuracy and 


simplifies changing of cutting length. M All roll 


shafts power-driven and mounted on roller bearings. 


IF YOU STRAIGHTEN AND SHAPES 


@ Adjustable in Horizontal Straightener 


Housing and Vertical 


features 
Housing to compensate for 


various stock widths. 


The Lewis Machine Company manufactures over 50 


models of straightening and cutting machines to 
handle round wire from .012” to 1” diameter and 
from 1/16” to 13/16” square, hex and flat. Write or 


cali us for information on your requirements. 


Lewis No. 21- 

FHA Travel-Cut 

Shape Straightening 

and Cutting Machine, 

capacity hg" to "4" square 

or hex mild steel, or equivalent 

area in shapes and flats up to 2" wide. 
Positive feed speeds of 150 and 195 FPM. 


LEWIS MACHINE COMPANY « A Division of the Curtis Manufacturing Co. ¢ 3441 East 76th St., Cleveland 27, Ohio, MI 1-3015 
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Keep your steel operations flexible by removing all ° 


uncertainties about oxygen supply with an Airco tonnage 
oxygen plant. A plant we build and operate for you — 
on or adjacent to your site — gives you assurance of 
supply that only an experienced oxygen producer like 
Airco can guarantee. 

GUARANTEED BACK-UP. Your oxygen plant is backed 
up by Airco’s nationwide network of oxygen plants. 


oxygen supply 


If the plant is down for any reason, Airco will keep 
your oxygen flowing from its integrated system. If you 
need more oxygen than originally anticipated, Airco 
will supply whatever quantities you require. And you 
won't be boxed in with a rigid purchase arrangement 
that can't be adjusted to steel production. 

PROVEN TECHNOLOGY. Making oxygen — like mak- 
ing steel — is a specialized business. Airco has 45 years’ 
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Airco build and operate plant for you 


* experience in low-temperature technology .. . design, | vided by Airco’s large resources and long experience. 
engineering and construction proficiency that has dotted For the full oxygen story, write, wire or phone today. 
the country with oxygen plants — including the first 
on-site oxygen plant for steel. There’s no first-plant 
guesswork . . . late starts . . . long debugging periods 
that ruin your production schedules. 


® 
ASSURED LOW COST. Your oxygen is available fast Al R REDUCTION 


... ata firm, fair price that reflects the economies pro- i509 East 42nd STREET - NEW YORK 17, NEW YORK 
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AIMED RIGHT AT YOUR 
INDUCTION HERTS 


ANNEALING 


BOMBARDING 


SELECTIVE HARDENING 


SOLDERING 


STRESS RELIEVING 


BRAZING 


SHRINK FITTING 


BONDING 


15 KW, 30 KW 
CINCINNATI RF Inductron 
450 KC/1.2 MC frequencies 
For automated, high production 
heating as well as short run work. 
Stepless RF output can be varied 
under load from 30% to 100% of 
machine rating. 


CINCINNATI RF Inductron pa 
Variable output transformer. Ideally 
suited for high speed production re - ] n qd uct ro nr = 
line operations with power station 
remotely located and compact work — 


station positioned in the line. 
t 


CINCINNATI RF Inductron 2%, 5, 7% KW 

\ 450 KC frequency CINCINNATI RF nitediven 
\ Low cost, portable machine. Performs a variety of 450 KC frequency. a 
heating for manufacturing and assembling of elec- 


Completely self-contained and easy-to-move unit « 
tronic components, small instruments, jewelry. 


for economical assembly line or small lot heating 
applications. Single or dual heating stations. 


Benefit from CINCINNATI Advanced Heat Engineering! - 


Cincinnati RF Inductron® design gives you extremely 
be rapid heating with positive control, plus long component 
life and ease of maintenance. Combined with skillfully 
applied work handling systems, these versatile, trouble- 
free Inductron machines will bring your heating opera- 
tions to peak efficiency. Write us, or call a Meta- 
‘Dynamics application engineer for a detailed analysis 
of your requirements. 


META-DYNAMICS DIVISION 


Center of Advanced Heat Engineering 
Flame and Induction Heating Machines 
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“THE CINCINNATI MILLING MACHINE CO. 


Steel 


1217. Vacuum Melted Products 

Pamphlet frcm Carpenter Steel Co. sets 
forth the details on “Vacumeltrol” and 
“Consumet” vacuum melted steels and 
other alloys. 


1218. Design Information 

Booklet “Products for the Design i 
neer” contains a stainless pees gen selector 
chart and data on high-strength steels, 
titanium, electrical steels, vacuum arc- 
melted steels, and other high performance 
metals. Republic Steel Corp. 


1219. Alloy Steels 
Bethlehem Steel Co. will send you 
a booklet “Quick Facts About joy 
Steels”, a fundamental discussion of fer- 
rous metallurgy. 


1221. Stainless Steels 

Stainless steels can give your product 
designs many special a vantages. Catalog 
“Armco Stainless Steels” describes more 
than 50 grades. Armco Steel Corp. 


1222. Comparison Chart 

Peter A. Frasse & Co., Inc. announces 
the availability of a wall chart showing 
chemical analysis requirements for mili- 
tary army, navy, aeronautical, and federal 
alloy steel specifications. Also listed are 
specified forms and nearest corresponding 
S.AE., ALS.1., and A.M.S. numbers. 


1223. 17-4 PH Stainless 
Armco Steel Corp. has published data 
on 17-4PH stainless steel; stronger than 
Pay =. with corrosion resistance in the 
-8 class. 


1224. Austenitic Stainless 

8-p. booklet explains nature and occur- 
rence of sigma phase, as well as its chemi- 
cal composition, identification, and effect 
on mechanical properties and corrosion 
resistance. Electric Steel Foundry Co. 


1225. Iron Powders 


By using different types of carbon ad- 
ditives in iron-copper-carbon mixes, a 
broad range of dimensional control can be 
achieved. Data Sheet No. 3 from Alan 
Wood Steel Co. 


1226. Leaded Steels 

For complete information about how 
you can yf the strength of alloy steel in 
free-machining steel, send re Leaded 
Steels catalog and Products & Facilities 
catalog. Aristoloy Steels Div. 


1227. Precision Cold Extrusion 
Republic Steel Corp. has released folder 


giving complete details on carbon and 
alloy steels for precision cold extrusion. 


1228. Aluminum Coated Steel 


Armco Steel Corp. will send pamphlets 
describing two hot-dip aluminum coated 
steels: Type 1 provides low-cost resistance 
to heat and corrosion; Type 2 gives prod- 
ucts outstanding life outdoors. 


Nonferrous 


1230. Beta Titanium Alloy 

32-p. manual on “Properties of Ti-13V- 
11Cr-3Al” includes data on metallurgy, 
design, and fabrication. Titanium Metals 
Corp. of America. 


1231. Molybdenum Information 


Folder gives complete listing of all in- 
formation available from Climax Molyb- 
denum Co. on molybdenum-base alloys 
and steels, irons and nonferrous alloys 
containing “moly”. 


1232. “Handbook of the Alloyist” 


Discusses advantages of several groups 
of alloys used in the electrical and elec- 
tronics industries. Properties and typical 
applications are given. H. K. Porter Co. 


1233. Cobalt and Nickel-Base Alloys 
4-p. data sheet lists physical and me- 
chanical properties, corrosion resistance, 
thermal treatments, fabricating data, 
available forms, and applications of 13 
alloys. Cobalt Information Center. 


1234. Zirconium Metal 

14-p. booklet “The Corrosion Resistance 
of Zironium” contains corrosion data for 
over 100 highly corrosive media in con- 
centrations up to 100% and temperatures 
up to 400°F. Zirconium Association. 


1235. Titanium for Missiles 

14-p. study summarizes six major ap- 
plication areas for titanium in mi 
construction. Titanum Metals Corp. of 
America. 


1236. Moly and Tungsten Products 


General Electric Co. will send informa- 
tion on pressed and sintered molybdenum 
and tungsten powder metallurgy —— 
slabs, tubes, or preforms made from these 
refractory metals. 


1237. Beryllium Alloys 

Important parts such as heavy-duty 
springs in submarines give more per- 
formance because of properties found in 
beryllium alloys. Information from The 
Beryllium Corp. 


1238. “1910 Years of Beryllium” 
eh booklet traces development of 
lium up to point where age ate 
Steel Co. is now 
beryllium structural bolting for industry. 


Circle appropriate number on Reply Card, p. 48-B 


OCTOBER 1961 


NEW LITERA 
TURE NEW LITE 
RATURE e NEW LI 


NEW 


LITERATURE 


EW LITERATURE 
NEW LITERATUR 


FeNEWLITER 


ATU 


RE W LITERA 
TU e NEW LITE 
RA UR NEW L 


e NEW LITE PATU 


RE e NEW | 


LIFTERA 


TURE @ NEW LITE 


NEW LITERATUI 
° NEW LITERATUR 
Ee NEW LITERATU 
2E © NEW LITERA 
4 TU} NEW LITE 
RATURE e NEW | 
N LITERATURE e 
EW LITERAUTRE 
» NEW LITERATL 
e NEW LITE 
ERATURE e NEV 
SATURE e WN 
ATURE 
METAL PROGRESS: 
LITERA 
ITERATURE e NE Bi. 
W LITERATURE 
NEW LITERATURE 
} 
(a 
W ITERATURE e 
JEW LITERAUTRE 
RE » NEW LITERA 
; E e NEW LITE 
ERATURE e NEW 
ITERA RE e N 
EW LITERATURE e 
2 NEW LITERATURE 
NEW LITERATU 
2E e NEW LITER 
TI e NEW LIT 
R RE e NEW 
ITERATURE e NE 
W LITERATURE « 
NEW LITERATURE 
NEW LITERAT 
RE NEW LITER 
TURE e NEW 
ig RATURE e NEW LI 
TERA URE N 
LITERATURE e N 
EW LITERATURE e 
NEW LITERATURE 
» NEW LITERATUI 
NEW LITERAT 
RE e NEW LITER 
TURE e NEW LITE 
ad RATURE « NEW 
ITERATURE e N 
W LITERATURE « 
NEW LITERAUTRE 
e NEW | ITE 2ATU 
RE e NEW LITERA 
URE NEW LITE 
TERATURE e NEW 
EW Tt ATIIRE e 
39-D 


As a contract sintering specialist, Presmet Corporation of 
Worcester, Mass. uses this Harper Mesh Belt Furnace to 
sinter iron and iron graphite parts as well as to infiltrate 
them with brass or copper. 

Placed on the wire mesh belt, green compacts move suc- 
cessively through a 1500° F gas-fired binder burnoff 
chamber, a volatile-vent chamber, a 2050° F high heat 
chamber equipped with silicon carbide elements, an insulated 
pre-cooling chamber and a water jacketed cooling chamber. 

Designed specifically for sintering, the Harper furnace 
includes several unique features for positive counterflow of 
atmosphere gas, proper disposal of volatiles, easy ash 


stability, part strength insured 


removal, quick duplication of belt speeds, and accurate 
control of temperature profile. 

Says Presmet, “This furnace has fully measured up to 
expectations in maintaining product quality. With volatiles 
completely discharged from the vent chamber, parts emerge 
from cooling soot-free. A high degree of dimensional and 
strength control is achieved.” 

For detailed information on Harper Mesh Belt Sintering 
Furnaces such as this, request Bulletin MSF-361. Literature 
on other types of furnaces shown below is also available 
promptly. Write for one or more of the bulletins listed. 
Harper Electric Furnace Corp., 40 River St., Buffalo 2, N. Y. 


FOR BRAZING, SINTERING, BRIGHT ANNEALING, AND FORGING IN RESEARCH AND PRODUCTION 


TUBULAR ELEMENT 


Globor — 
MESH BELT ‘ 
Bull. GT-1059 C Graphite — 
BOX TYPE (0 Sintering — Bull. MSF-361 sane 
C2 Sintering — Bull. BFS-360 (CO Straight Thru — Bull. MB-960 ELEVATOR C) Zoned 
Ory Hydrogen — Bull. HB-460 Hump Type — Bull. HMB-960 Bull. EF-260 Bull. ZT-361 


VISIT HARPER BOOTH 433 AT THE METAL SHOW 
Circle 1481 on Page 48-B ee 


1239. Brass Alloys 


A handbook on brass published by 
Riverside-Alloy Metal Div. contains data 
on compositions, specifications, and prop- 
erties of brass wire, rod, and strip. 


1240. Bronze Alloys 


12-p. Bulletin G-61 lists chemistry, 
physical and mechanical properties, 
available forms and specifications for 
eleven types of bronzes including alumi- 
num, tin, and manganese bronze and high 
conductivity alloys. Ampco Metal, Inc. 


1241. Aluminum Ingot 

“Aluminum Extrusion Ingot” published 
by Alcoa features compresensive infor- 
mation on extrusion ingot including data 
on several new alloys hitherto unavail- 
able in ingot form. 


1242. Free-Cutting Brass 

Die sizes and description of “RC HEX” 
radius-cornered free-cutting brass hexa- 
gon r are illustrated in catalog sheet 
issued by Titan Metal Mfg. Co. 


1243. Special Metals and Alloys 
Brochure “Alloys for Industry” de- 
scribes specialty alloys including phos- 
hor bronze, nickel silver, cupronickel, 
rass, stainless steel, nickel, Monel and 
Inconel. Riverside-Alloy Metal Div. 


1244. Tin Coated Strip 
Tin-coated thin strip is available in 
solderable coatings up to 0.0025 in. thick. 
on copper, brass or nickel in base metal 
ges from 0.002 to 0.012 in. Details from 
omers Brass Co., Inc. 


1245. Rare-Earth Metals 


Bulletin from American Potash & 
Chemical Corp. contains data on rare 
earths in metallic forms— lanthanum 
through lutetium, together with yttrium. 


1246. Indium Solders 


“Indalloy” intermediate solders are 
noted for wettability, corrosion resistance, 
flowability and workability. Indiwm Corp. 
will send solder booklet. 


1247. Beryllium Copper Rod 
Pamphlet R-1200-A from Beryllium 

Corp. presents mechanical and physical 

property of three beryllium-copper alloys. 


1248. Copper-Base Alloys 


There is a copper alloy particularly 
suited to the following — con- 
ditions: corrosion, wear, high heat, -.ex- 
treme cold, heavy loads or impact. Bul- 
letin from Ampco Metal, Inc. 


Materials 


1250. High-Temperature Coating 

“Rokide” coatings resist heat, abrasion 
and corrosion at temperatures up to 
4500° F.; are chemically inert and are good 
thermal insulators. Folder No. 361, Coors 
Porcelain Co. 


1251. René 41 


Technical Bulletin No. 86 discusses 
René 41, the most dependable alloy in use 
today in the 1200 to 1800° F. range. Can- 
non-Muskegon Corp. 


1252. Super Refractories 
The Refractories Div. has published 
“Super Refractories by Carborundum” 
which contains application and property 
data on special refractories. 


1253. Corrosion Data Charts 

The corrosive effects of 400 different 
materials on 16 different alloy systems— 
including Hastelloys, Monel, Nickel, In- 
conel, aluminum, tantalum, titanium and 
zirconium—are shown in data chart pub- 
lished by Nooter Corp. 
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1216, Vinyl-Aluminum 
Laminates 

The Aluminum Co. of Amer- 
ica has published a 20-p. bro- 
chure entitled “Design With 
Alcoa Vynalate” which contains 


39 precoated samples in a wide 
range of color-pattern combina- 
tions. The booket also includes 
technical data on the product 
and suggested applications. 


1254. Refractory Metal Chart 

Offered by Fansteel Metallurgical Corp. 
Lists the properties of the refractory ele- 
ments tungsten, tantalum, molybdenum, 
and columbium. 


1255. High-Temperature Graphite 
Speer Carbon Co. has prepared a bul- 

letin entitled “Carbon and Graphite for 

High-Temperature Applications”. 


1256. Thermal Fatigue 
Electro-Alloys Div. has published a 
report “The Mechanism of Thermal 
Fatigue”, by H. S. Avery. 


1257. 4100° F. Service 


Bulletin PC from Chromalloy Corp. de- 
scribes a chromallized Mo component 
which withstands temperatures to 4100° F. 


1258. High-Temperature Alloys 

Seventeen “Haynes” alloys are com- 
pared against each other in the areas of 
physical, mechanical and chemical prop- 
erties and stress-rupture data. 20-p. - 
let from Haynes Stellite Co. 


1259. Iron Powder 

Products made with iron powders pro- 
vide design flexibility, reduce production 
costs and can manufactured to closer 
tolerances. Information from Alan Wood 
Steel Co. 


1260. Glassed-Metal Products 

16-p. Bulletin 987 describes glassed- 
metal pipe, velves and fittings for installa- 
tions that -quire resistance to corrosion 
or proe-..ses that cannot tolerate contami- 
natio of product. Pfaudler Co. 


126i. Service at 2300° F. 


Electro-Alloys Div. has issued pamphlet 
containing data on “Supertherm”, a 26% 
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Cr, 35% Ni alloy for service in 1800 to 
2300° F. range. 


1262. Corrosion-Resistant Alloys 
Haynes Stellite Co. is offering a 104-p. 
k which discusses “Haynes” corro- 
sion-resistant alloys, their properties, 
forms, and the corrosives they will resist. 


1263. Tungsten Sheet and Plate 

Tungsten sheet and plate is now avail- 
able in 24 in. widths and thicknesses from 
0.150 to 0.500 in. Information from General 
Electric Co. 


1264. Heat Resistant Castings 

The International Nickel Co. will send 
72-p. booklet “Heat Resistant Castings, 
Corrosion Resistant Castings 
Properties and Applications”. 


1265. High-Alloy Castings 

Brochure from The Fahralloy Co. dis- 
cusses static, precision shell molded, or 
centrifugal castings in stainless, high- 
temperature and special alloys. 


1266. Refractory Cement 

Quality of any high-purity metal can 
only be as good as the quality of refrac- 
tory cement used to contain it. Informa- 
tion from Norton Co. 


1267. Diamond Knives 

DuPont Co. offers pamphlet detailing 
the advantages of deel knives which 
boast unusually fine edge equality. 


1268. Refractory Metals 


Get the full story on refractory metals 
produced as pressed and sintered prod- 
ucts. Ingots, bars and shapes can be pro- 
duced by this method. Sylvania Electric 
Products Inc. 


Tooling 


1270. Automatic Forging 

The “Model C” impacter with a pro- 
gram controlled feed device makes pos- 
sible automatic forging. Bulletin 110-L-1, 
Chambersburg Engineering Co. 


1271. Colloidal Graphite 

To learn more about unique advantages 
of colloidal graphite in your industrial 
applications, send for literature from 
Acheson Colloids Co. 


1272. Tool Steel Selector 

Three “Steelector” cards and a bulletin 
will help you in selecting specific tool 
steel grade that will suit 96% of all tool 


steel applications. Allegheny Ludlum 
Steel Corp. 


1273. Dry-Film Lubricants 
_ Reprint and data sheet present informa- 
tion on inorganic solid-film lubricant 
performance in extreme environmental 
service. Alpha-Molykote Corp. 


1274. Ceramic Tooling 
Vascoloy-Ramet Corp. has published 


three bulletins discussing applications for 
cutting-tool material, “Ceramic VR-97". 


1275. Grinding Coolant 

A fluorescent green aqueous compound 
is now available for grindi honing 
ferrous alloys. Literature from Baker/ 
Gubbins Co. 


1276. Impact Extrusions 

Engineering Manual No. FM-3019 dis- 
cusses impact extrusions in aluminum, 
copper, brass and alloy steels. Mueller 
Brass Co. 


1277. Wire Coilers 


The “Rotobloc” operating at the end of 
your wire processi lines assures un- 
interrupted flow and lower production 
costs. Details from Vaughn Machinery Co. 
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Carbon /Graphite Facts 


for METALLURGISTS 


FOR use in degassing non-ferrous metals, 
or for the injection of graphite powders 
beneath the surface of molten iron, 
NATIONAL graphite tubes provide the 
most satisfactory material. They resist 
thermal shock, are non-contaminating, and 
have no affinity for metal or dross. Tubes a 


non-ferrous ! : | are stocked in a wide range of sizes for 


immediate shipment. 


: metal treatment | Circle No. 1424 on Page 48-8 


NATIONAL graphite powders—ranging in 
size from very fine flour to coarse particles 
~are available for a wide variety of applica- 
tions. Fineness and maximum ash content 
are held within closely controlled limits. A 
few uses include: injection or inoculation 
of ferrous metals, mold washes, powder 
glazing, lubricants, and powder metallurgy 
applications. For complete list and specifi- 
tions, request Catalog Section S-7655. 


Circle No. 1425 on Page 48-B 


HEAT treating accessories of NATIONAL 
graphite provide a combination of advan- 
tages not found in other materials. They 
are longer lasting, non-contaminating, and 
will not warp, crack or soften in use. Spe- 
cial shapes are easily machined to close 
tolerances. Among the many uses for these 
graphite accessories are: powdered metal 
and carbide sintering, zone refining, 
furnace brazing, fusion of elements into 
semi-conductor wafers, and other furnace 
processing. 


Circle No. 1426 on Page 48-8 


MACHINING to close tolerances is a regular 
practice of NATIONAL CARBON. Graphite 
can be turned, sawed, bored, milled, 
drilled, planed, shaped, ground, tapped, 
reamed, honed, or lapped. Whatever your 
requirements—simple or intricate shapes— 
NATIONAL CARBON’s strategically located 
plants have the equipment and skilled 
craftsmen to meet your most rigid specifi- ° 
cations. Contact us... graphite may also 

solve your problems. 


_ skilled operation at 
NATIONAL CARBON 


Circle No. 1427 on Page 48-B 


“National,” “Union Carbide” “wand | NATIONAL CARBON COMPANY 


se ae ee Division of Union Carbide Corporation - 270 Park Avenue, New York 17, WN. Y. 
IN CANADA: Union Carbide Canada Limited, Toronto 
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Heating 


1279. Heating by Induction 


56-p. catalog sets forth details on in- 
duction heating equipment for hardening, 


brazing, soldering, forging, annealing, 
melting, sintering and welding applica- 
tions. Induction Heating Corp. 


1280. Miniature Thermocouples 
Bulletin No. 4336 describes line of 
micro-miniature thermocouples, world’s 
smallest and fastest temperature sensors. 
Baldwin-Lima-Hamilton Corp. 


1281. Quenching Data 

Texaco Co. has prepared a_ booklet 
“Quenching and Hardening” which con- 
tains information on steel heat treating. 


1282. Heat Treating Chart 

Tempil Corp’s four-color chart, “Basic 
Guide to Ferrous Metallurgy”, illustrates 
forging, burning, annealing, transforma- 
tion, stress-relieving, nitriding, blue 
brittle, normalizing, and _ carburizing 
ranges, as well as grain size changes vs. 
temperature. 


1283. Radiation Thermometer 

Pamphlet R-103 describes the “Model 
TD-6 Thermodot” which measures and 
controls temperature without contact. 
Radiation Electronics Co. 


1284. Tool Steel Identification 

The Gorham Tool Co. has published a 
26-p. booklet covering classifications and 
pn for identification of high-speed 
steels. 


1285. Tool Steel Guide 

Written by B. L. Averbach of M.LT., 
“Toolsteels”, a basic guide to the use of 
tool and die steels, has been published by 
Climax Molybdenum Co. 


1286. Thermocouple Alloys 


Catalog-Manual from Hoskins Mfg. Co. 
contains information on entire family of 
Chromel - Alumel thermocouple ade 
alloys, plus much helpful ical ap- 
plication data. 


1287. High-Temperature Furnaces 

Marshall Products Co. will send litera- 
ture on vacuum furnaces for operation 
at temperatures up to 4000° F. 


1288. Precision Pyrometer 
Daystrom, Inc. has published brochure 
discussing the “Model 8800 Sensitrol”’ 
pyrometer—an instrument for critical 
temperature control applications. Ac- 
curacy, 0.5% full scale; sensitivity, +0.1%. 


1289. Heat Treating Equipment 

For information abeut a full line 
of electric or fuel-fired industrial fur- 
~~. and ovens, contact Hevi-Duty Elec- 
tric Co. 


1290. Pneumatic Temperature 
Transmitter 
The Foxboro Co. has prevared Bulletin 
13-17C discussing “Type 12A” pneumatic 
temperature transmitter’ illustrates how 
easily transmitter can be installed and 
adjusted to suit a wide range of uses. 


1291. Automatic Control 

Folio 122, a 24-p. catalog of industrial 
heating furnace control systems, has been 
published by GPE Controls, Inc.; covers 
automatic control for open-hearth fur- 
naces, glass tanks, reheating and an- 
nealing furnaces and soaking pits. 


1292. Resistance Alloy 


BR. . brochure describes properties and 
ormance characteristics of Alloy 750, 
a low-growth iron-chromium-aluminum 
resistance material for use in heating 
elements operating up to 2050° F. Hoskins 
Mfg. Co 


1293. Furnace Tubes 

Pamphlet from The Pressed Steel Co. 
explains all-sheet construction of 
tu to minimize burnout and add to 
tube life. 
1294. Potentiometers 

The “Electronik 17” potentiometers 
have no slide wire and therefore no slide 
wire problem. Get the facts from Minne- 
apolis Honeywell. 
1295. Synthetic Coolant 

E. F. Houghton & Co. will send com- 
plete data on “Hocut 3210”, a highly forti- 
fied water-soluble concentrate which has 
outstanding anti-weld and extreme pres- 
sure characteristics. 


1296. Continuous Carburizing 


Surface Combusition Div. has released 
pamphlet detailing the advantages of 
| parts with continuous gas car- 

urizing furnaces. 


1297. Induction Hardening 
Induction hardening boosts production 
up to ten times. Ohio Crankshaft Co. will 
send pamphlet “Typical Results of Tocco 
Induction Hardening and Heat Treating”. 


1298. Quench Oil Coolers 

Catalog and simplified selection manual 
from Bell & Gossett Co. details the ad- 
vantages of “Hydro-Flo” oil quenching 
systems. 


1299. Optical Pyrometer 

Bulletin No. 614 describes “Pyro-650", 
an automatic optical brightness pyrom- 
eter for measuring, recording and con- 
trolling temperatures from 1200 to 6300° F. 
Instrument Development Laboratories. 


1300. Heat Processing 


If you heat treat springs, fasteners or 
gears, there is a Sunbeam Equipment 
Corp. furnace to do the job more effi- 
ciently at less cost. Brochure available. 


1301. Sintering Furnaces 

C. I. Hayes, Inc., will send brochure 
which presents the facts on sintering 
furnaces for cermets, ceramics, refractory 
metals or stainless steel powders. Tem- 
peratures to 3300° F. 


1302. Thermocouple Applications 
The Bristol Co. has released a 56- 
Users’ Manual which contains complete 
data on thermocouple applications and 

pyrometer accessories. 


1303. Quenching Oils 

Brochure covers a complete range of 
quenching oils to meet every processing 
requirement. Sun Oil Co. 


1304. Atmosphere Furnaces 
Pamphlet from Harrop Precision Fur- 
nace Co. supplies details on line of Kan- 
thal-Super” atmosphere furnaces with 
maximum temperatures up to P 


1305. Proportional Controller 

4-p. Bulletin 16 from Thermo Electric 
Co. describes straight-line temperature 
control with a proportional controller to 
minimize overshoot cycling. 


1306. Bright Annealing 


The Electric Furnace Co. will send in- 
formation on furnace equipment for 
bright annealing of stainless strip. 


1307. Heat Treating Line 


Drever Co. offers continuous wide plate 
heat treating line which can harden and 
temper plate at the rate of 32,000 Ib. per 
hr.; information available. 


1308. Gas Alloying 

Lee Wi'son Engineering Co. has pub- 
lished information on open-coil gas alloy- 
ing of nonaging rimmed steels—to re- 
place aluminum-killed steel. 
1309. Precision Furnaces 


Bulletin from Pereny Equi 
gives the facts on a complete line of Ba 
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Tin-lined copper tube re- 
cently developed combines tin’s 
corrosion resistance and malle- 
ability with the strength and duc- 
tility of copper. Pure molten tin 
is gas-propelled through the tub- 
ing to form a continuous, fusion- 
bonded tin lining that will not 
chip, crack or peel, and can be 


Photo courtesy Phelps Dodge 


bent, flared, flattened or soldered. 
Tin provides immunity to cor- 
rosive sulfur conditions found in 
some natural gas and petroleum 
products; affords excellent resist- 
ance to flaking action that can 
plug lines and orifices and create 
hazards with gas appliances. The 
tin lining also prevents contami- 
nation of fluids in process lines 
of food, beverages, pharmaceu- 
tical and water distilling equip- 
ment and for sampling lines to 
laboratory or control instruments, 
according to its producers, Phelps 
Dodge Copper Products Corp. 


Acid pickling of steel be- 
fore hot tinning produces maxi- 
mum bond strength of bearing 
metal to steel. Shot blasting prep- 
aration lowers bond strength, 
possibly because of distortion, 
folding and flowing during pre- 
cleaning. 


FREE Brochure 


pages of informa 
tion about the W a 
latest uses of tin | 
in U.S. industry. 
Write today for a 
your copy. . A. 


The Malayan Tin Bureau 
Dept. S-25J, 2000 K St., N.W., Washington 6, D.C 
Circle 1483 on Page 48-8 
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Now! “On the mill” 
eddy current inspection 


Budd’s new model 440 Radac now enables precise, 
automatic eddy current inspection to be applied under 
production-line conditions by production-line person- 
nel. Proved in a wide range of ‘‘on the mill’’ installations, 
the Radac 440 can be used to detect surface and internal 
cracks, seams, laps, splits, holes, inclusions, weld defects 
and other types of discontinuities ... in tubing, bars, 
flat stock and many other shapes over a wide dimen- 
sional range. All types of metals can be inspected. New 
saturation accessory allows testing of ferrous as well as 
non-ferrous metals. Results are independent of varia- 
tions in dimensions, wall thickness, temperature, chemi- 
cal composition, residual stresses and other variables. 


wsTRUMENTS 4a 


owision 


Visit us at Booth 220 at the Metal Show, Oct. 23-27 
42 Cobo Hall, Detroit 


BUDD RADAC 440 


with precise, punched- 
card programming 


The Radac 440 is an advanced, multiple-frequency 
eddy current flaw detector programmed by punched 
card. Only general knowledge of eddy current principles 
is required for reliable operation. With the punched 
cards accurately defining inspection requirements, re- 
sponsibility for reproducibility of results is placed in the 
instrument . . . thereby greatly reducing the possibility 
of human error. 

The Radac 440 features a striking array of exclusive 
new features in addition to punched-card programming. 
Full information on the 440 and other versatile Radac 
equipment is yours on request. We’ll be glad to dem- 
onstrate Radac eddy current inspection in your plant. 


THE BUDD COMPANY : P.o. Box 245 «+ Phoenixville, Pa. 
Consult your phone book for sales offices in: Atlanta, Ga.; Chicago, IIL.; 

Dallas, Texas; Detroit, Mich.; Los Angeles, Calif.; Seattle, Wash. 

In Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont. ; 
Other countries: Budd S.A., 10 Avenue de la Grande Armée, Paris 17¢, France 
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cision furnaces for controlled atmosphere 
— at temperatures from 1300 to 


1310. Heat-Treating Equipment 

Catalog 607 from American Gas Furnace 
Co. covers complete line of equipment 
and accessories for every type of metal 
heat treating. 


: Finishing 


1312. Chemical Milling 

16-p. brochure from Eastman Kodak Co. 
describes “Metal-Etch Resist”, a chemical 
milling process which speeds up weight- 
reduction jobs and parts manufacture. 


1313. Surface Treatments 

Conversion Chemical Corp. will send 
you a fact sheet containing details on 40 
products —s~y chromate coatings and 
—_— dips for ferrous and nonferrous 
alloys. 


1314. Electroplating Processes 

24-p. Bulletin EP-102 discusses 18 elec- 
troplating processes, ne three new 
nickel os operations. ansen-Van 
Winkle-Munning Co. 


1315. Plating Supplies and 


Equipment 
R. O. Hull & Co. has released a catalog 
describing complete line of plating sup- 
plies, equipment, and instrumentation for 
the plating industry. 


1316. Cleaning of Steel 

Booklet entitled “Three Essential Steps 
in Cleaning Steel Before Electroplating” 
available from Oakite Products, Inc. 


1317. Diamond Wheels 


The Norton Co. has released a brochure 
which contains information on diamond 
wheels and diamond hones. 


1318. Buffing and Polishing 

20-p. technical manual covers manual 
»r semiautomatic polishing, burring, satin 
finishing, buffing and high coloring of 
metals, plastics, wood and organic coat- 
ings. Lea Mfg. Co. 


1319. Rust Control 

° guide to controlling rust during 
production operations has been incor- 
porated into a rust-control data file, 
offered by Magnus Chemical Co. 


1320. Chemicals for Electronics 
Field 
Fidelity Chemical Products Corp. has 
issued a folder on chemicals for the elec- 
tronics industry . . . bright dips, carbon 
removers, cleaners, scale removers, wire 
strippers, and ultrasonic descalers. 


1321. Pre-Paint Treatment 

“Cryscoat” zinc pre-paint 
treatments provide ting corrosion re- 
sistance beneath paint under all kinds of 
heavy punishment. Bulletin F-8979, 
Oakite Products, Inc. 


1322. Gaging Coatings on 
Aluminum 
Brochure published by Twin City Test- 
ing Corp. introduces ‘ EC P 
scope” for nondestructive measurement 


of nonconductive coatings on nonferrous 
base metals. 


1323. Wet Blasting 
Pamphlet entitled “Precision Finishing 
vpermeene Where You Can Cut Costs by 
et Blasting” has been issued by Lord 
Chemical and Equipment Div. 


1324. Glass Shot 


“Glas-Shot” are microscopic glass beads 
for use with all types of wet or dry blast 
equipment. Details from Microbeads, Inc. 


OCTOBER 1961 


1325. Pre-Treating Aluminum 

Amchem Products, Inc. has published a 
brochure discussing application of “Alo- 
dine” pre-paint treatment on aluminum 
by roller coating. 


1326. Anode Plating Chemicals 

Hanson-Van Winkle-Munning Co. has 
made available an 8-p. bulletin illus- 
trating a full line of anodes, anode ac- 
cessories, and chemicals for electro- 
plating and metal finishing. 


1327. Electrocleaner 

“Oakite 190” a reverse current cleaner 
removes smut, rust, and soil in one oper- 
ng Pamphlet from Oakite Products, 
ne. 


a Welding 


1329. Welding and Brazing 

56-p. catalog and instruction manual 
covers welding, brazing, soldering and 
fluxes. Properties, uses and application 
data included. All-State Welding Alloys. 


1330. “Guide to Better Welds” 


80-p. booklet discusses causes and cures 
of common welding troubles, essentials 
for proper welding, and electrode selec- 
tion. Hobart Brothers Co. 


1331. Welding Stainless 


Information concerning techniques for 
welding stainless steel is cortained in 
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SKEPTICAL 


Charge components of the ferrous alloys we cast are measured 
frequently in split ounces. Molding sand is tested for properties every 
hour. Each heat, from each of the 6 electric furnaces, is laboratory tested 
— certain checks are made even before pouring is permitted. 

Process control rigidly checks every step of production from receipt of 
raw materials through final inspection, assuring strict adherence to the 
tightest specifications — metallurgical, physical and dimensional. 

Samples representative of every heat are subjected to chemical analy- 
sis. Castings for unusually critical applications often require specialized 
tests — partial or 100% X-ray inspection, ultra-sonic testing for internal 
defects, and others. These are provided. 

Yet, with all these deterrents to speed, we have produced 150,000 


castings a day — day after day. 


If you need “prescription counter’ accuracy in the make-up of your 
castings, we would appreciate an interview. 


LICENSED PRODUCERS 
OF NI-HARD, NI-RESIST, 
OUCTILE IRON, AND 
OUCTILE NI-RESIST 


ENGINEERING CASTINGS, INC. 


MARSHALL, MICHIGAN 
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You Can’t Beat AJAX 


(ISOTHERMAL) 


.. Day-in, day-out untfiormity 
accuracy and reproducibility 


.. Freedom trom cracks, distortion 
and surface defects 


Critical hardening without 
distortion 


Ajax isothermal heat treating 
reduced finish grinding 50% on 
these 52100 precision ball thrust 
bearing races by minimizing dis- 
tortion and surface defects. 


PROVIDES ANY NEEDED QUENCH VE 
. . » FROM NOTHING TO NIAGARA! 


Taming a heat treater's 
“nightmare” 
This 11%” diameter Vasco B.B. Wil! 
steel valve plate varies in section Results from the Ajax Cataract Isothermal Quench are outstandingly accurate 
and uniform. Toughness and ductility are increased. Cracks, distortion and 
surface defects are virtually eliminated. 


sections to Rc 63-64 and thick 
sections to Re 60-64. These advantages result from inherent characteristics of the method. The 
Cataract Quench heats automatically below the control point, cools above it. 
| ll Quench direction and flow velocity are easily and effectively controlled to meet 
war oe practically any requirement. Chemical balance between quenching salts and ‘ 
Automatic selective austempering “dragged in” heating salts is automatically maintained. 


Fully automatized austempering Write for Ajax Bulletin 700 for details. 
of typewriter bars plus selective 


salt bath draw assures Rc 50-51 
ends and AJAX ELECTRIC COMPANY SEE AJAX... 
c 41 or 1” at type ends. . . Booth 452 
Production was increased 65%, 910 Frankford Ave., Philadelphia 23, Pa. Metal Show 
rejects reduced 45%. 
Foreign Licensees: Master Argentina, S.A., Buenos Aires, ARGENTINA 


Birlec Major Proprietary Ltd., Victoria, AUSTRALIA 
Organicacao Industrial Fides, $.A., Sao Pauvle, BRAZIL 


Circle 1486 on Page 48-8 METAL PROGRESS 


44 


3 | Me 
| 
ili 
CITY 
a 
a 


Lincoln Electric Co. Bulletin 7300.2 - 
titled “Are Welding Stainless Steel”. 


1332. Nickel Alloys 

Wall Colmonoy Corp. has issued Data 
Sheet T-1 which discusses relative cor- 
—_ resistance of “Coimonoy” nickel 
alloys. 


1333. Silver Brazing 

Bulletin 20 gives a good picture of 
silver brazing and its benefits; includes 
details on alloys, heating methods, joint 
design and production techniques. Handy 
& Harman. 


1334. Silver Brazing Alloys 

24-p. manual released by Air Reduction 
Sales Co. covers brazing procedures, 
problems and solutions. A complete range 
of brazing alloys is discussed. 


1335. Electron Beam Welder 

The “E-Beam Mark VI” electron welder 
makes possible welding and brazi of 
many refractory and reactive metals. Data 
from Alloyd Electronics Corp. 


1336. Semiconductor Fabrication 

Semi-Alloys Inc. offers data sheets on 
aluminum, gold, indium and silver alloys 
for semiconductor fabrication. 


1337. Welding Periodical 

Vol. 5, No. 9 of a 16-p. welding period- 
ical issued by Sciaky Bros., Inc. reports 
on practical methods of profitable assem- 
bly with fusion, electron beam and re- 
sistance welding techniques. 


1338. Electronic Tracer 

Simple pencil-line sketches of intricate 
shapes can be used to guide shape-cutting 
machine with an electronic tracer; de- 
scribed in leaflet prepared by Linde Co. 


1339. Pipe Welder 

4-p. leaflet released by Air Reduction 
Sales Co. describes equipment for auto- 
matic welding of pipe using CO, welding 
process. 


1340. Paste Solders 

Flyer from Fusion Engineering Co. de- 
scribes “G & W” paste solders . . . stable 
combinations of solder alloy, flux, and 
binders. 


1341. Vapor-Shielded Arc Welding 
Lincoln Electric Co. has released Bul- 
letin No. 5300.1 which describes vapor- 
shielded arc welding and the new semi- 
automatic “Innershield Squirt” and full- 
automatic “Innershield” welders. 


1342. Multi-Welder 

Pamphlet from Hobart Bros. Co. details 
the advantages of the “Multi-Wire” 
welder for all semiautomatic processes. 
including micro-wire, MIG-CO,, MIG- 
argon, submerged arc, and open-arc 
welding. 


1343. Flame Spraying 

Linde Co. will send details on equip- 
ment for flame-plating with tungsten 
carbide or other powdered materials for 
temperature and wear-resistant uses. 


Testing 


1358. Research Mi 

The “Dynoptic” metallurgical micro- 
scope lets you study opaque specimens 
by your choice of bright field, dark field, 
or polarized light — with critical resolu- 
tion of fine detail. Catalog D-1053, Bausch 
& Lomb Inc. 


1359. Disk Indicators 

Detailed information on its line of disk 
indicators (used in measuring and control 
systems employing resistance strain-gage 
transducers) is contained in brochure 
offered by Baldwin-Lima-Hamilton Corp. 


OCTOBER 1961 


Hioh temperature atmosphere and vacuum 
furnace muffle tubes! Radiant heat treating 
furnace tubes! Pyrometer Protection tubes! 
Diameters to 10”; lengths to 72” depending 
on ceramic body. For temperatures to 3000° 
F; higher in smaller sizes. 


Write for information today! 


CERAMICS REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 
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The Porter Alloyist delivers the right alloy 
IN THE SPOTS THAT COUN 
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In a split second, the parachute will 
leap from the pack, released by five 
special stainless steel springs. Can 
you think of a tougher spot for 
reliable performance? Now—and 
every other time—the springs must 
work perfectly, must keep their 
shape, unfailing strength and resist- 
ance to low temperatures. It’s a 
job for exactly the right alloy— 
recommended and supplied by the 
Porter Alloyist. 


THE PORTER ALLOYIST IS 
A SPECIALIST IN A WIDE 
RANGE OF SPECIAL METALS 


Porter’s Riverside-Alloy Metal Di- 
vision is your single reliable source 
for specialty alloys in 8 basic groups 
of wire, rod and strip . . . phosphor 
bronze, nickel silver, cupro nickel, 
brass, stainless steel, nickel, Monel 
and Inconel. 

Ask for a free copy of “Alloys for 
Industry” describing our wide range 
of specialty alloys. Write H. K. 
Porter Company, Inc., Riverside- 
Alloy Metal Division, Riverside, 
N. J. Or contact our sales offices 
in Hartford, Chicago, East Orange, 
Atlanta, Cleveland, Detroit, Cincin- 
nati, Los Angeles and Rochester. 


PORTER cupro nickel wire carries the 
workload in telephone switchboards. 


PORTER supplies bronze and brass strip 
for wiring harnesses in automotive and 
marine electrical systems. 


RIVERSIDE-ALLOY METAL DIVISION 
H. K. PORTER COMPANY, INC. 


OCTOBER 1961 


1360. Analytical Instruments 

28-p. catalog contains specification and 
operating data on seven key instruments 
for research and production control. 
Philips Electronic Instruments. 


1361. Industrial Sensors 

4-p. brochure describes how optical, 
infrared, magnetic, electromagnetic, and 
nuclear devices are used to inspect, con- 
trol, measure, validate and detect in 
many process operations. Designers for 
Industry, Inc. 


1362. Literature Searching 

8-p. pamphlet discusses electronic sys- 
tem for searching technical articles, docu- 
ments and patents on metals and related 
subjects. American Society for Metals. 


1363. Research Metallographs 

American Optical Co. will send details 
on the “AO Metallograph”, a laboratory 
workhorse which is dependable and 
versatile. 


1364. Mounting Press 

Buehler Ltd. has prepared leaflet cover- 
ing the “Powermet” press for rapid 
mounting of metallurgical samples. 


1365. Instrument Charts 

Brochure G100-6 from Minneapolis 
Honeywell contains information on in- 
strument charts available in 3, 4 and 12 
in. widths and circular charts in 8, 10 and 
12 in. diameters. 


1366. Hardness Testing 

Catalog RT-58 from Wilson Mechanical 
Instrument Div. gives complete informa- 
tion on superficial tester as well as on a 
full line of Rockwell hardness testers. 


1367. Spectrographic Analysis 

The “Compact Atomcounter” is simple 
to operate; one technician can analyze 
up to 150 samples per day for 10 or 
more elements. Details from Jarrell-Ash. 


1368. Carbon Determination 
Bulletin 2051 from Illinois Testing Lab- 
oratories, Inc. covers the “Dewpointer”, 
an instrument for determining carbon 
potential in furnace atmospheres. 


1369. Advanced Testing Techniques 

Instron Co. has prepared a series of 
articles on universal testing machines and 
on other advanced testing techniques 
covering many fields. 


1370. Flaw Detector 

The “Model 424-D Immerscope” ultra- 
sonic flaw detector boasts outstanding 
flexibility and many new features in- 
cluding A-Scan presentation and excep- 
tional sensitivity. Details from Curtiss 
Wright, Princeton Div. 


Casting 


1388. Manganese in Aluminum 

In binary alloys, manganese improves 
strength of aluminum by 20% with no 
sacrifice in corrosion resistance. Write 
for article “Manganese Puts Muscle in 
Aluminum” from Union Carbide Metals 
Co. 


1389. Vacuum Furnaces 

Richard D. Brew and Co. will send in- 
formation on a complete range of high- 
temperature cold-wall vacuum furnaces 
which will operate at temperatures up 
to 2500° C. 


1390. Liquid Oxygen Cylinder 


A liquid oxygen cylinder with a ca- 
pacity of 3000 cu. ft. is described in book- 
let now available from Linde Co. 


1391. Vacuum Pumps 


32-p. Catalog 561 gives complete data on 
rotary positive air pressure and high- 


vacuum pumps, as well as Fs booster and 
air motors. Leiman Bros., Inc. 


1392. Hydrogen Generation 

Bulletin No. 511 “Metal Hydrides for 
Hydrogen Generation” describes how 
metallic hydrides can be used for gen- 
eration of hydrogen through interaction 
with water. Metal Hydrides, Inc. 


1393. Ceramic Gating Components 
Catalog from Universal Clay Products 

Co. covers all standard ceramic gating 

components produced by the company. 


1394. Cleaning of Castings 

Pangborn will send information on 
“Rotoblast” machines for the almost 
completely automatic cleaning of castings 
with practically no need for maintenance 
or repairs. 


1395. Heat Treatment of Stainless 
24-p. research report “Heat Treatment 

and Socnsethen of Cast, Hardenable Stain- 

less Steels” is offered by WaiMet Alloys. 


1396. Electrical-Grade Steels 


Electrolytic manganese contains only 
traces of carbon, sulfur, oxygen and 
nitrogen, all of which are detrimental to 
electrical properties. Bulletin 201 details 
advantages of electromanganese addi- 
tions. Foote Mineral Co. 


1397. Vacuum Melted Products 
Carpenter Steel Co. will send details on 

“Vacumeltrol” and “Consumet” vacuum 

melted metals for higher quality products. 


1398. Infrared Analyzers 

Prevent damaging oxidation and change 
in carbon content of metal surfaces by 
measuring H,O, CO,, and methane with 
an infrared analyzer. Details from MSA 
Instrument Div. 


1399. Flux Additive 

By using “MCA” flux you make large 
rimming ingots and maintain deep-draw- 
ing quality of small ingots. Molybdenum 
Corp. of America. 


1400. Th-Mg Master Alloy 

Vitro Chemical Co. will send pamphlet 
discussing thorium-magnesium master al- 
loys as well as other pure metals of the 
rare-earth family. 
1401. Mold Coating 

Leaflet describes applications of “Spun- 
cote 7” as a readymade mold coating for 
gray-iron castings. Foseco, 
nc. 


Parts 


1403. Precision Fine Wire 
Fort Wayne Metals, Inc. has released 
brochure which contains information on 
precision fine wires in stainless and other 
alloys including composite materials. 


1404. Quality Tubing 

Superior Tube Co. will send article 
“Nondestructive Testing of Small Tub- 
ing” as well as technical data on 120 
analyses of small-diameter tubing. 


1405. Wire Cloth 

120-p. catalog from Cambridge Wire 
Cloth Co. discusses a complete range of 
wire cloth products. 


1406. Precision Tubing 

Bulletin No. 12 from J. Bishop & Co. 
describes precision tubing up to 1 in. 
O.D. in stainless, nickel, super and ex- 
otic alloys. 
1407. Spring Pins 

8-p. product manual published by 
Standard Pressed Steel Co. presents data 
on “Sel-Lok” spring pins and includes 
design and performance information. 
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Why Ammonia? 


Because it costs so much less than hydrogen. In 
cylinders, less than half as much. In bulk, about 
one-fourth! 

When you're saving as much as $10.00 per 1,000 
c.f. of atmosphere, you soon recover the cost of a 
dissociator. Then, too, consider the safety and 
storage factors. With ammonia, the only flammable 
gas present is the gas you’re using. Ammonia storage 
equipment does not present a flammable safety 
hazard. 

Dryness of the atmosphere is important, too. 
With dissociated ammonia, a dew point of —60°F. 
can be obtained without drying equipment. 


£ 


SONOTONE 
Armour anhydrous 


ammonia to ‘clean’ 
electronic tube compone 


At Sonotone’s Tube Division, grids, con- 
nectors, plates—all metal tube components are 
passed through an atmosphere derived from 
Armour ammonia. In this cleaning operation, 
dissociated ammonia removes oxides and 
flushes out other vaporized impurities. 


Why Armour? 


Says Sonotone’s maintenance supervisor, Jack 
Richardson: ‘‘We kuow from ten years’ experience 
that we can depend on the high purity and uniform 
quality of Armour ammonia. Also, we know we can 
count on Armour’s expert technical service.” 


When you buy Armour ammonia, you have no 
doubts about purity. Every cylinder, every tank 
truck is tested, after filling, to make sure the 
ammonia is at least 99.98% pure when delivered. 


Another advantage: Fast delivery from 171 distribu- 
tion points across the country. See your Yellow 
Pages for the stock point nearest you. 


AMMONIA SALES: Cylinder, Tank Truck, Transport and Tank Car Service 


Armour Industrial Chemical Company 


One of The Armour Chemical Industries 
110 North Wacker Drive «+ Chicago 6, Illinois 
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FIRST CLASS 


THE 
AMERICAN SOCIETY 
FOR METALS AND 
METAL PROGRESS SERVES 
33,000 MEMBER READERS 
IN 11 MAJOR AREAS 
OF THE METAL INDUSTRY 


215 WAYNE STREET 
ST. JOSEPH, MICHIGAN 


METAL PROGRESS 


Postage will be paid by 


READER SERVICE DEPARTMENT 


October, 1961 Issue 
METAL PROGRESS 
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The ASM is the communications center for technical information 
wherever metals are produced, processed, fabricated, designed, 


tested and applied. Metal Progress, monthly engineering maga- 
zine of the Society, reports on engineering developments in 
these 11 major technoiogical areas: 


FERROUS METALS 
NONFERROUS METALS 


HEAT- AND CORROSION-RESISTANT AND 
ELECTRICAL MATERIALS 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT 


215 WAYNE STREET 
ST. JOSEPH, MICHIGAN 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES 


METAL PROGRESS 


WELDING AND JOINING EQUIPMENT AND SUPPLIES 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES 


Postage will be paid by 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS 


READER SERVICE DEPARTMENT 
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SEND COPIES OF THE FOLLOWING ARTICLES, FREE 


Metal Progress October, 1961 Issue 


SEND COPIES OF THE FOLLOWING ARTICLES, FREE 
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Catalogs and bulletins, new products and serv- 
ices and most advertisements in Metal Progress 
are numbered. To receive more information, 
circle the appropriate numbers on one of these 
postage paid cards. Editorial reprints will be 
sent free as long as they last. 


Catalogs and Bulletins are available from a 
scrutinized and up-to-date list of manufacturers’ 
literature, conveniently indexed under the 11 major 
Engineering Areas. 


More Facts on Advertised Products. Because some 
advertisements cannot be numbered, please write 
the names of those advertisers in the blanks 
provided. 


New Products and Services are numbered. Circle 
the postcard for more information. 


Reprints of Articles are yours for the asking as 
long as they last. No need to clip your Metal 
Progress issue for reference filing; send for reprints. 


Please Include Your Name and Address! 
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Binocular Metallograph 


Monocular Inverted Model MEC........... $399 Monocular Metallograph U-11......... $1 195. 
Land Camera attachment available) Model MMU....... Polaroid Land Camera attachment. $118. 


UNITRON’S Complete Laboratory Installation for High- 
Temperature Metallography with Metallograph and HVC-3 
Control and Power Station. 


Model DMR Depth-Measuring Rollscope for examination of dimensional 
large or cylindrical $445. 
. UNITRON’S Research Installation for High-Temperature ¥ 
y Microscopy, Desk Model HM a 
- (Write for price and complete specifications) 
Stereoscopic Model MSM with 


$110. turret changer.........$320, 


Stereoscopic Mode! 
MSHL with revolving 


nosepiece...... $267. 


$76. Filar Micrometer 
$25. Eyepiece. . $69.50 


“UNI TRON IS YOUR COMPLETE SOURCE FOR MICROSCOPES iz IN J TR O INV 
“Td to meet every metallurgical application . . . from low-power macro to high-power micro exami- a 
__ INSTRUMENT COMPANY + MICROSCOPE SALES 
nations, right on through to advanced research in high temperature studies of the new metals 66 NEEDHAM ST. « Someta HIGHLANDS 61, Fo 
in the space age. And when it’s time to balance your equipment budget against your needs, 
UNITRON prices will be among the best news of all. (7) | want @ FREE 10-day trial of Model..........0.. 


[_] Send me your catalog No. 2-U 


TRY AU/N/ TRON IN YOUR LAB ...FREE, FOR 10 DAYS 


A salesman's demonstration gives you only about 30 minutes to examine a microscope .. . NAME DEPT. 
hardly the best conditions for a critical appraisal. But, UNITRON’S Free 10-Day Trial allows 

you to use the microscope in your own lab and put it through its paces on your own particular Peed 

problem. Use the coupon to ask for a no-obligation, prepaid trial. And if you want more details ADDRESS 

on these and other UNITRON Microscopes, use the coupon to request a complete catalog. tit¥ STATE 
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If METALLURGY is your field, UNITRON is your microscope 
' 
Binocular Inverted Model BMEC with camera 
Tootmake Met rgical Microscope Model TM for i 
& =P 
HHS-3 Vacuum Long Working Dis- Goniometer 
Heating Stage for tance Objective Eyepiece 
1500° C.....$625. FFAOX ..... $149. from $55. 
Pillar Stand for Stereoscopic Micrometer 


Another plus of Lightweight BaW Insulating Firebrick 


LOWER 


THERMAL CONDUCTIVITY 


means 


HERMAL CONDUCTIVITY CoErricienT: 


NOTE: The above chart, based on available published figures, compares the difference in thermal _ 
: conductivity between lightweight B&W IFB and the average ol seven other leading insulating firek 


conductivity of B&W IFB at all temperature levels. 


*BTU/SQ. FT./IN. THICKNESS /HR. /DEG. F. 


All insulating firebrick are not the same. Published 
figures show wide variations in all of the important 
properties among the leading brands of IFB. 


Take thermal conductivity. This important prop- 
erty affects fuel costs, temperature control and the 
speed with which a furnace heats and cools. Thermal 
conductivities range from a B&W low of 1.91 to a 
high of 3.47 for a competitive IFB—almost a 100% 
difference in wasted heat and fuel costs. 


You are paying for insulating firebrick . . . make 
sure you get all the benefits. B&W —the originator 
of IfB—manufactures a full line of IFB with an 
experience-proved balance of light weight, high 
insulating value, high strength and long life. 

For complete information on B&W Insulating 
Firebrick, write for Catalog R-38 to The Babcock 
& Wilcox Company, Refractories Division, 16] 
East 42nd Street, New York 17, N. Y. 
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NUMBER 1 OF A SERIES 


LOWER FUEL COSTS 


OCTOBER 1961 


© 14% lower fuel costs « 30 F lower casing temperature 
e 25% less time to reach operating temperature « 12 hours 
saved per cycle 


These are the results of a direct comparison of two furnaces of the 
type shown above, one lined with B&W IFB and the other with one of 
the better competitive insulating firebrick. That's how B&W pays off 
for a major steel company in their 8-stack, hood type, strip annealing 
furnaces. This is just one of many proofs in our files that ‘there is an 
important difference in insulating firebrick."’ 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 
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Whether you choose by specification, 
price or both... "here’s a Honeywell 


pressure control 


L] For precise control at low 
cost —R7086 —R7087 


Temperature controllers for use wherever precision tem- 
perature control must be maintained. Ranges from 
—-150° to +3000° F. are possible. R7086 uses thermo- 
couple, R7087 uses resistance bulb. Both, surface or 
flush mounted. R7086 $150.00; R7087 on/y $120.00. 


(| For accurate control with 
indication at low cost 


T654A indicates and controls temperatures on an evenly 
graduated scale accurate within 1% of scale range. This 
switch can control an Actionator*, motor, relay, contactor 
or other device. Completely compensates for ambient tem- 
perature changes. Ranges frorn —150° F. to 1200° F. 
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temperature or 
to fit your exact needs! 


Whatever your application, 
you'll find the control that suits 
you best in Honeywell's 
complete selection 


P444 


For industrial applica- 
tions that call for inde- 

pendent high-pressure 
and low-pressure set- 
tings and switching ac- 
tion. Adaptable forsur- 
faceor flush mounting. 


1444 


For a wide variety of 
industrial applications 
requiring independent 
high-temperature and 
low-temperature set- 
tings and switching ac- 
tion. Adaptable for 
surface or flush mount- 
ing. Ranges from 0° F. 
to 660° 


P428 


For general industrial 
applications requiring 
the control or limiting 
of relatively high pres- 
sures. Models are 
made with explosion- 
proof case for hazard- 
ous locations. Ranges 
from 30 PSI to 5000 
PSI. 


1667 


Designed for use as a 
remote-bulb tempera- 
ture controller. SPDT 
switching provides 
temperature control in 
heating, cooling, or 
heating-cooling com- 


C) For reliable control at mercial and/or indus- 


trial applications. 


minimum cost— VERSA-TRAN Ranges from —150° F. 


to 1200° F. 
This inexpensive controller is completely transistorized. °Trademark 
Needs no tubes, no warm-ups . . . gives instant reaction. 
Works with sensors that can be thermisters, probes, re- 


sistance bulbs, pressure transducers or humidity ele- Honeywell 


ments. Available in various temperature, humidity and 

pressure ranges. Standard models as low as $39.50. Model ’ ° 

shown above only $49.50. We 
Write Honeywell, Minneapolis 8, Minn. Since 1885 


HONEYWELL INTERNATIONAL Sales and service offices in all principal cities of the world. Manu- 
facturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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A New, Wet Hand Grinder for Be 


Metallurgical Samples exhibit at the Metal Show 
Cobo Hall, Detroit, Oct. 23-27 
BOOTH 520 


See the Buehler Ltd. 


New products in addition to the regular 
Now you may have wet grinding facilities for hand prepa- line will be displayed. 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided : ee 
at the rear. The grinding platforms are pitched down- 2 ol rae 
ward and away from the operator. METALLURGICAL 
The Handimet Grinding Paper is coated with a pressure AP PARA i Us. 
sensitive adhesive backing and firmly holds when merely o—. — 
pressed against the flat grinding surface. It is easily re- 


movahle when sheet is worn. 
es 2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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39 YEARS 


OF SERVICE 


TO INDUSTRY 


CHROMATE FINISHES 


DURACOAT® FOR: 
Zinc e Cadmium e Aluminum e Copper e Brass 
e Clear, Bright, Irridescent « Golden, Olive Drab 


SALT BATHS for all heat treating jobs 
from 300°F. to 2500°F. 

Neutral Hardening e Liquid Carburizing « Tempering 
e Annealing — Ferrous and Non-Ferrous e Austem- 
pering and Martempering e« Liquid Nitriding e High- 


Speed Hardening « PreHeat and Quench Salts « Cop- 
per and Silver Brazing « Scale-free! Clean! Bright! 


BLACK OXIDE FINISHES, 

equipment and controls 

We are originators of the famous PENTRATE® process. 
BLACK FINISHES FOR: 


Steel e Stainless Steel « Cast and Malleable Irons e 
Copper, Brass and Zinc 


HEATBATH CORPORATION 


SPRINGFIELD 1, MASS. or 701 North Sangamon Street, Chicago 22, Illinois 
Prompt shipment from stocks in Springfield, Chicago, Cleveland, Detroit, Los Angeles and Sanford, N. C. In Canada, 
W. J. Michaud, Ltd., Montreal. 
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900,000 


New steels for space with tensile strengths 
even beyond 500,000 psi are the target 
of Republic research. 

In the development, unwanted micro- 
scopic inclusions of foreign matter like the 
one circled (magnified 19,000 times by ~« 
the electron microscope) are studied, ana- 
lyzed, and identified. 

To permit thorough analysis, these 
inclusions are carefully removed from 
surrounding steel. How? By a drill small 
enough to put two holes, side by side, 
across the thickness of a human hair. 

Largest producer of stainless and alloy 
steels, Republic has one of the most ex- 
tensive vacuum melting capabilities in the 
world. And it is the purification by vacuum 
melting that substantially increases the 
strength and reliability of steels for space. 

A new source for Precipitation Harden- 
able Stainless Steels . . . the only source of 
thats Wc Foden. continuous rolled stainless sheet up to 60 
The titanium—AMS4901—is used in the vehicle's double wall inches wide Sats Republic offers expert 
metallurgical service. For information, con- 
tact your nearest Republic sales office or 
mail the coupon. 


DESIGN ENGINEERS: Mail the coupon for a copy 
of Republic's new booklet, Products for the Design 
Engineer. Contains a useful Stainless Steel Selector 
Chart, and information on Republic High Strength 
Steels, Titanium, Electrical Steels, Vacuum Arc 
Melted Steels, and other high performance metals. 


Type 430 Republic Stainless Steel was used by the Lodge and Shipley 


Company in fabricating the nose cone for Explorer |. The Floturn process was 
utilized to produce specified deviations in wall thickness. 


Strong, Modern, Dependable 
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REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


Circle 1413 on Page 48-B 


REPUBLIC STEEL CORPORATION 
DEPT. MP -2206 
1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 

Please send the new booklet, PRODUCTS FOR THE DESIGN 
ENGINEER 

I would like more information on: 
O Alloy Steels 

Enpuro® Stainless Steels 
Have a metallurgist call: 

0 Alloy Steels 

O Enpuro Stainless Steels 


O Titanium 
O PH Stainless Steels 


O Titanium 
O PH Stainless Steels 


Title 


Name 


Company 
Address. 


City. Zone. 
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304. Outside diameter—44%"; thickness—2%". 


special shapes 
= special stainless steels 
[= for special projects 


* (trade-mark of ARMCO STEEL CORPORATION) 


Poducing stainless steel plate, plate products, 
and forgings is our business. Orders often call for 


: unusual shapes in stainless plate, shapes that will : d | 


become important components in special projects. 


Whatever the requirement, your confidence in Produces Stainteu 


=e a Carlson specialists is well placed. 


bee 128 Marshallton Road 

+. 4 A Carlson booklet, Producing Stainless Steels THORNDALE, PENNSYLVANIA ee 
... Exclusively,” is now available. Why not write District Sales Offices in Principal Cities —_ 
for your personal copy today? Plates » Plate Products © Heads * Rings © Circles » Flanges © Forgings * Bars and Sheets (No. 1 Finish) “7 


Circle 1414 on Page 48-B 


For 
Copperweld Steel Company 
at Glassport, Pa. 


VAUGHN MOTOBLOX* 


dependably draw 


wire 


Heavy, pure aluminum, inseparably 
atomic-welded to a strong steel core— 
that’s Alumoweld wire, used extensively 
today in the power and communications 
fields. And all of this valuable product is 
drawn rapidly, economically and depend- 
ably on VAUGHN Motoblox machines 
—whether destined for use as telephone 
line wire, overhead ground wire, core wire 
for ACSR conductors, guy and messenger 
strand or other essential and money-saving 
applications. @ Whatever the wire, rod, 
bar or tube, there's a VAUGHN machine 
to draw it profitably. Write us! 


The VAUGHN MACHINERY COMPANY 
Cuyahoga Falls, Ohio, U.S.A. 
COMPLETE COLD DRAWING EQUIPMENT . . . Continuous or 
Single Hole . . . for the Largest Bars and Tubes. . . for the Small 
est Wire . . . Ferrous, Non-Ferrous Materials or their Alloys. 
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Would you take 
a chance on a 
sure thing? 


Milwaukee 46, Wisconsin 


DIVISION 
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DURAFLEX 


the more durable, ductile, 
flexible phosphor bronze— 
at no extra cost 


Here is one of the most versatile of phosphor bronzes. 
The superfine-grain structure of Duraflex provides a 
considerable improvement in fatigue life over regular 
phosphor bronze. Now you can obtain higher en- 
durance limits with greater formability. It’s ductile. 
It’s resilient. It’s corrosion-resistant! 

This new, higher quality Anaconda phosphor bronze 
is now available in several standard phosphor bronze 
alloys—in strip metal up to 0.062” thick and up to 
14” wide in all standard tempers, and in wire up to 
3%" diameter. Durafiex strip is also available in 
long rolls. 

Within the capabilities of size and alloy composition, 
Duraflex strip and wire can be applied to the in- 
numerable uses for which conventional phosphor 
bronzes are employed, and in most instances provide 
longer and more efficient service. Yet Duraflex sells for 
the same price as regular phosphor bronze in the same 
alloys and forms. 

Publication B-38 tells the story. Write for your 
copy—or for any assistance from our Metallurgical 
Dept. in selecting the proper alloys for your metal- 
working projects. Address: Anaconda American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontaric. ¢'-''48 


DURAFLEX* 


A product of 


NIACOAILTY 


AMERICAN BRASS COMPANY 
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Cambridge Type-314 
Stainless Metal-Mesh Belt 


SOLVES CHANGING TEMPERATURE, CHANGING LOAD PROBLEMS 


Looking for a low-cost, all-purpose belt? Then look 
closely at a Cambridge Type-314 Stainless Steel 
Metal-Mesh Belt. It has the outstanding ability to 
give long life under widely varying load conditions 
in both high and medium temperatures. You can 
use it in 2100° F. to 1850° F. temperatures and get 
excellent strength characteristics and oxidation re- 
sistance. In the 1850° F. to 1600° F. range, it 
shows superior resistance to green rot. In the 
1600° F. to 900° F. range, it shows little or no car- 
bide precipitation. 


To meet specific requirements, there is a complete 
line of Cambridge Belts available in special and 


standard metals and alloys—custom built in any 
weave to insure the most efficient processing. 


Experienced Cambridge Field Engineers—experts 
in their field—are available to discuss your needs 
and help you select the belt best suited to your 
operations. Or, they can offer you sound advice on 
the installation, operation and maintenance of your 
Cambridge Belts. Talk to your Cambridge man 
soon. He’s listed in the Yel- 

low Pages under “Belting, Me- 

chanical”. Or, write for free 

130-page reference manual. 


The Cambridge Wire Cloth Co. 


DEPARTMENT B ® CAMBRIDGE 10, MARYLAND 


Manufacturers of Metal-Mesh Conveyor Belts, Fiat Wire Conveyor Belts, 
Wire Cloth, Wire Cloth Fabrications, Gripper® Metal-Mesh Slings 
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Here’s the fast, economical way to 
protect vital parts and equipment 
against temperatures up to 4600°F 

. extreme abrasion . . . electrical 

energy .. . erosion and corrosion. Ap- 
ply ROKIDE Ceramic Coatings — 

hard, crystalline refractory materials 

which provide effective protection. 
ROKIDE Coatings are supplied in 
rod form as “Z” Zirconium Oxide, 

“A” Aluminum Oxide, “C” Chrome 

Oxide, “ZS” Zirconium Silicate, and 

“MA” Magnesium Aluminate. To 

apply, rod is heated and the molten 

particles projected at high velocity 
against the prepared surface, where 
they adhere and solidify, 

ROKIDE Coatings are used for both 
military and industrial applications 
such as: missile components, bearing 


Tod Protect modern metals 


and materials 
with ROKIDE” Ceramic Coatings 


\ surfaces, extrusion dies, furnace and 
: feed rolls, induction coils, igniter tips, 
strain gages, buffing fixtures, mechan- 

ical seal rings, pump shafts, capstan 


/ wheels, impellers, crucibles, etc. 
4 i ROKIDE Coatings are available from 
q a number of strategically located job 


shop applicators or direct from 
Norton Company, Worcester, Mass., 
and Santa Clara, California. Find out 
how they can cut your maintenance 
and production costs. NORTON CoM- 
PANY, 329 New Bond Street, Wor- 

cester 6, Massachusetts. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries, 


NORTON 


REFRACTORIES 
into products 


Write for full details on the 
ROKIDE Coating Process. 


75 years of... Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals — BEWR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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HOW BIG IS A MAN... against $9 tons of cast steel? 


These mammoth 89 ton steel tire, kiln supporting and thrust 
roller assemblies were cast in the foundries of Erie Forge & Steel 
Corporation. They bear the weight and facilitate the operation 
of the largest rotary cement kilns in America. The distance bet- 
ween the tire and roller assemblies on each rotary kiln is 100 feet. 
Cast steel tires are over 20 feet in diameter, weigh 60 tons each. 
Thrust rollers weigh 614 tons each and kiln supporting rollers 
221% tons each. 

Each of these two giant kilns produces over 8000 barrels 
of cement daily with ease in the Dundee Cement Company plant 
at Dundee, Michigan 

By comparative size the man is small—but men made these 
steel behemoths and men run them. The men of Erie Forge & 
Steel Corporation welcome the challenge to furnish steel castings 
and forgings, from pounds to tons, for the diverse machines 
of industry. 

Submit your cast or forged steel component requirements to 
us with full confidence. 


Photographs are by courtesy of F. L. Smidth & 
Company, designers and builders of “The Largest 


Rotary Cement Kilns in America.” 


ERIE FORGE & STEEL CORPORATION 


ERIE, PENNSYLVANIA 
Circle 1420 on Page 48-B 
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What Metal 


Shall I Use? 


Today, 
more than ever before, 
manufacturers are seeking 
improved metals 

to reduce production costs. 
By selecting the 

right metal for a job, 

metals engineers 

can take full advantage 

of the economics 

of modern fabricating 

and processing methods. 
The special reports 

in this issue are presented 

to assist men 

in the metalworking industry 
in making a technical audit 
of their objectives 

and to help in evaluating 
production procedures 

for attaining them. 


- October (Metal Show Issue) 1 


¢ 
= 
Vol. 80, No. 4 
te. 
P Special Report 
To 
Metalworki 
a 


What Steel ShallilUse... 


for Heat Treated Parts in 
Automobiles, Trucks and Tractors? 


In today’s automotive components, parts to be heat treated are made 
from a wide variety of carbon and low-alloy steels. In general, 

shafts and springs are quenched and tempered, while parts 

which must withstand wear (such as gears and piston pins) 

are usually carburized. Wide use is also made of selective 

heating processes for hardening. (T21, T3n, J-general; ST) 


Over THE YEARS that cars, trucks, and 
tractors have been produced, engineers in these 
industries have gained much experience in se- 
lecting and heat treating steels for stress-bear- 
ing components. Today, more than ever, they 
are on the lookout for cost-cutting techniques 
along with better, more efficient ways to process 
materials. Their record of accomplishment is 
worthy of attention by all who are concerned 
with the application of steels. 


Factors in Selection 


There seems to be no general rule tor choos- 
ing any one grade of steel or processing method 
over another. In fact, it is interesting to note 
that each major manufacturer of automotive 
equipment appears to have a different way of 
handling over-all economies within its own 
product area. For example, two auto builders 
(Ford and Chrysler) use the same steels for 
comparable parts in all of the cars they con- 
struct, whether large or small. In contrast, a 
third (General Motors) often employs a differ- 
ent steel for the comparable component in each 
of the different cars it makes. Yet, the three 
manufacturers all operate with efficiency and 
economy. The varied methods appear to work 


66 


equally well from a cost standpoint — which is 
a tribute to the American engineer. 

However, though each manufacturer of cars, 
trucks and tractors has its own idea as to the 
best grade and heat treatment method for a par- 
ticular part, all have one basic aim — each wants 
the desired properties for the least cost. The 
general approach is summed up by the chiet 
metallurgist for a manufacturer of trucks: “We 
select the steel capable of producing strength 
characteristics compatible with the imposed 
loads required in the application. Once the 
strength level has been determined, our selec- 
tion is governed by a fabricated-cost compari- 
son”. As an added complication, the heat 
treating equipment which is available must also 
be considered. “Oftentimes”, he goes on, “we 
must use a more expensive grade of steel be- 
cause it can be processed with the existing 
equipment.” 

Another chief metallurgist (for a car builder) 
states, “During the last 30 years, much alloy 
steel has been replaced with carbon steel with 
no loss of endurance life or quality. In fact, 
gains in fatigue life were made in one applica- 
tion—some rear axle shafts now made of 
induction-hardened carbon steel have higher 
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Here, Discussing the Metallurgical Problems 
in Fabricating Track Links, Is Roy Kern, Chief 
Metallurgist of the Springfield (Ill.) Works, 
Allis-Chalmers Mfg. Co. S with him are 
Richard Turley (standing), Harold Buckholdt, 
and Albert Rechner, all of the metallurgical staff 


endurance limits than the alloy steel shafts 
which they replaced.” 


Hardenability Is Important 


The two M-P Fact Sheets included in this 
article list a large variety of carbon steels now 
being used for many of the stress-bearing parts 
in cars, trucks and tractors. Furthermore, these 
steels are generally used in the heat treated 
condition, being quenched and tempered, car- 
burized, or induction hardened. For such op- 
erations the processor generally needs some idea 
of the steel’s hardenability. This complicates 
things for those who employ carbon steels be- 
cause there are, as yet, no generally accepted 
standards for rating their hardenabilities. At 
this time, however, there is much agitation in 
this field, and it seems to be getting results. As 
the Data Sheet shows (p. 96-B), end-quench 
curves for 1041 and 1045 are now being recom- 
mended by the S.A.E.. 

It may come as a surprise to hear that some 
tractor manufacturers have been purchasing 
certain grades of carbon steels (1045, 1046 and 
other medium-carbon varieties) to hardenability 
specifications for some time. For rating the 
hardenabilities of carbon steels, they often em- 
ploy the S-A-C test (sometimes called the Rock- 
well-inch test) rather than the Jominy test*, so 
familiar to alloy steel users. Because carbon 
steels are, in general, shallow-hardening, the 
S-A-C test generally gives a more sensitive indi- 
cation of their hardenabilities than does the 
end-quench test. It will also reveal the effects 
of segregation because hardness readings are 
taken across the section. 

All in all, the S-A-C test has many backers 
among the users of carbon steels. An indication 

*Actually, some engineers question the end- 
quench test as an accurate and reproducible 
method for determining the hardenability of a 
. carbon steel. Because these steels are shallow 
hardening, the hardness drops off very rapidly 
within a short distance of the quenched end of the 
test bar. Therefore, an error of as small as 1/64 of Crankshaft of 1046 Steel 
an inch in placement of a hardness impression 
might make a difference of several points of hard- 
ness. This could mean the difference between ac- 
ceptance and rejection of a heat —and this is a 
matter of no small concern to either the producer 
or the user of the steel. 


Track Assembly for Tractor 
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Crankshaft 


Connecting Rods 


Piston Pins 


Ring and Pinion Gears 


1046 (mod.): air 
cooled to Bhn 
207-255 


Nodular iron 
casting; Bhn 
197-285 


1145; Q&T 
to Bhn 
235-262 


1046; WQ &T 
(1100° F.) to 
Bhn. 228-269 


Pearlitic 
malleable iron 
casting: AQ & 
T to Bhn 
217-243 


1145; WQ &T 
to Bhn 
229-269 


Pearlitic 
malleable iron 
casting (ASTM 
60003); AQ &T 
to Bhn. 217-269 


1139; normalized (1550° F.) 


and stress relieved (1100° F.).| 


shot-peened 


| 
1041; Q & T to Bhn. 217-255 | 


1041; Q & T (1160° F.) to 
Bhn. 217-269 


1041: 0Q & T (1050° F.) to 
Bhn. 228-269 


1141; normalized (1550 
1575° F.) and air cooled to 
Bhn. 180-228 


1141; 0Q & T to Bhn 
229-269 


1045; Q & T to Bhn 
187-229 


1016 seamless tubing; carburized (1650° F.) 
WQ & T (350° F.) 


5015 or 8620 bar; carburized (1700° F.) 
Q & T (350-—375° F.). Case depth: 0.024 
0.032 in 


1019 cold extrusion: carburized (1700° F.) 
induction hardened and tempered to Rc 
57-62. Case depth: 0.064 in. max 


1016 seamless tubing; carburized, Q & T to 
Rc 60 min. Case depth: 0.020—0.030 in 


1117 bar; carburized, Q (in caustic) & T 
Case depth: 0.030—0.040 in 


1118 bar; carbonitrided (1675° F.), OQ & 
T (400° F.). Case depth: 0.030—0.040 in 


1118 bar; carbonitrided (1550° F.), OQ & 
T (400° F.). Case depth : 0.030—0.040 in 


4520; carburized (1650° F.) 
Q & T (300° F.). Case depth 
0.040-—0.050 in 

8620; carburized (1700° F.) 
Q & T (350—375° F.). Case 
depth: 0.030—0.050 in 


Special grade +; carburized 
(1675° F.), Q & T (360° F.) to 
Rc 60 min. Case depth: 0.040— 
0.050 in 

4027, carburized, Q & T. Case 
depth: 0.040—0.050 in 


4520: carburized, 0Q & T to 
Rc 60 min. Case depth: 0.040— 
0.050 in 


4118: carburized (1625° F.) 
cool to 1500° F.. 0Q & T 

(350° F.). Case depth: 0.040— 
0.050 in 

4118; carburized (1650° F.), 0Q 
& T (300° F.). Case depth 
0.040-—0.050 in 


1046: Q&T to 
Bhn. 197-285t 


1046; Q &T to 
Bhn. 228—269+ 


1046; Q&T to 
Bhn. 229-2694 


1046; Q &T to 
Bhn. 248-293 
4142; Q &T to 
Bhn. 285-321 


4137; Q & T to Bhn 
217-255 


1041; Q & T to Bhn 


1141; Q & T to Bhn 


212-241 


1038; Q & T to Bhn 
217-269 
5135; Q & T to Bhn 


223-262 


5015 or 8620 bar; carburized (1700° F.) 

Q & T (350-—375° F.). Case depth: 0.024 
0.032 in 

1016 bar; carburized, Q & T to Rc 60 min 
Case depth: 0.020—0.030 in 


1016 or 1018 bar; carburized (1700° F.) 
Q &T to Rc 61—65. Case depth: 0.030 
0.040 in 


1016; carburized Q & T to Re 58-65. Case 
depth: 0.030—0.045 in 


8620; carburized (1700° F.) 

Q & T (350—375° F.). Case depth: 
0.050—0.070 in 

4422; carburized (1700° F.) 

Q & T to Rc 60 min. Case depth: 
0.040—0.050 in 

8620, 94B17, 4817, 94B20, or 
4620: carburized (1700° F.) 

Q &T to Rc 61-65. Case depth: 
0.070—0.090 in 

Ring: 8622 and 8625: carburized 
(1700° F.), marquenched (from 
1625° F.), and tempered to Rc 
57-63.¢ 

Pinion: 8622 and 4820; carbur 
ized (1700° F.), marquenched 
(from 1525° F. for 4820, from 
1625° F. for 8622) and tempered 
to Rc 57-63.¢ 


> 


1046; Q & T to 
Bhn. 248—285+ 


1046; Q & T to 
Bhn. 229+ 


1046; Q & T to 
Bhn. 241-286+ 


1046; to 
Bhn. 248-2774 


1040: Q & T to Bhn 
217-269 


1041; Q & T to Bhn. 302 
1041; Q & T to Bhn 


241-286 


1041; Q & T to Bhn 
207-241 


1018 or 5120 bar; carburized (1700° F.) 
reheated, Q & T. Case depth: 0.030—0.040 in 


1018; carburized, reheated, Q & T. Case 
depth varies 


1019 or 1117 bar; carburized, Q & T to Re 
56 min. Case depth : 0.035—0.045 in 


8617 or 8620 bar; carburized (1700° F.) 
slow cooled, reheated to 1550° F.. Q &T to 
Re 58-63. Case depth: 1/6 of wall thickness 


8822 or 8622: carburized (1700° 
F.), reheated, Q & T. Case depth: 
0.070—0.090 in 

8822 or 8720; carburized, 
reheated, Q & T (300° F.). Case 
depth varies 

Ring: 8620: carburized, slow 
cooled, reheated, Q &T 

(360° F). to Rc 60 min 

Pinion: 8620: Q & T (360° F.) to 
Rc 60 min. Case depth: 0.045-— 
0.055 in 

8620 or 8627; carburized 
(1700° F.). Q & T (350° F.) to 


| Rc 58—65. Case depth: 1/6 of 


| 


chordal thickness 


Symbols 


OQ: oil quenched; AQ: air quenched. 


“Each column, “A” 


‘B’, “C’, etc., represents a maker of cars, 
trucks and tractors. Designations refer to AISI-SAE standard 


Q: quenched; T: tempered; WQ water quenc 


hed; 
+Analysis 
0.15 to 0.25 Mo 


grades; unless otherwise specified, part is a forging 
0.22 to 0.29 C, 0.45 to 0.70 Mn, 0.70 to 1.00 Ni 


Fe «Steels Used for Heat Treated Parts in Automobiles, Trucks and Tractors 
| 
| 
| 
| | 
C 
| 
| | 
| | 


arburized, Q &T 


arburized (1700° F.), 


& T (375-400° F.) to Rc 58 


Case depth: 0.035-0.045 in 


Clus Suspension System 

45°9 carburized (1650° F.), Q | Coil springs: 5160 or 9260; Q & T 

(from 1550° F.) & T (300° F.). (900° F.) to Bhn. 444-514 

Case depth: 0.040—0.050 in. 

Same 2s ring and pinion gears Coil springs: 5160 or 9260; Q &T 
to Bhn. 444-477. Leaf springs 
5160 or 5147; Q & T to Bhn 
415-461 
Coil springs: 9260; Q & T 
(775° F.) to Bhn. 461-514 
shot-peened 

- £0 arburized, Q & T. Leaf springs: 5155; Q &T 
Case depth: 0.040—0.050 in. (750° F.) to Bhn. 415—461. Torsion 


bars: 5160H; Q & T (650—700° F.) 
to Bhn. 477—532 


Coil springs: 9260; 0Q & T to 
Bhn. 444-514, shot-peened 


Coil springs: 9260; coil and 0Q 
(from 1650° F.) & T to Bhn 
444-514 


arburized (1700° F.) 


hed (from 1625° F.), and 


red to Re 57—63. Case depth 


55 in 


4 arburized (1650° F.), Coil springs: 9260; 0Q & T 

CQ & T (375-400° F.). Case (900° F.) to Bhn. 444-514 

depth: 0.035—0.040 in. shot-peened 

BE arburized (1700° F.), Q & Leaf springs: 5160 or 4068: Q & T 
T 75° F.). Case depth to Bhn. 444-477 

C 7.050 in 

é carburized, Q & T to Rc Leaf spring: 5160; Q & T (750° F 
EC Case depth: 0.040- to Bhn. 444-477 

8620; carburized (1700° F.), Q&T | Leaf springs: 5160; Q & T to 

tc Re 58-63. Case depth: 0.035 Bhn. 401-444 


Leaf springs: 5160: Q & T to 
Bhn. 375—445 


cir 


6.09 
) 


2 depth 


r 8622; carburized (1700° 
died to 1500° F., Q & T. 
0.040—0.060 in. 


8720; carburized, reheated 


Q & T. Case depth varies 


carbonitrided. Case depth: 
7.911 in 

arburized, Q & T. Case 
).030—0.040 in. 


as ring and pinion gears 


Leaf springs: 50B60 or 51B60 
Q &T to Re 40-45 


Leaf springs: 50B60 or 5160 
to 42 in. thick incl. and 51B60 
2 in. thick; Q & T to 
388-444 


over 
Bhn 


tBearing surfaces are induction hardened after heat treatment 


§Case depth 
4820, 0.060—0.075 in 


8622, 0.031—0.047 in 


8625, 0.047—0.063 in 


of the increase in interest in it (and in the 
hardenabilities of carbon steels) is shown by 
comparing the amount of space devoted to it 
in the 1948 and 1961 editions of the A. S. M. 


Metals Handbook—one column and_ three 
pages, respectively. 


Different Techniques Are Used 


Many interesting techniques are employed by 
those companies that use carbon steel for heat 
treated parts. For example, one manufacturer 
of crawler tractors extensively tests each incom- 
ing heat of steel, the idea being to make sure 
that it is used for those applications in which 
its properties are best suited. For vears, metic- 
ulously kept records of tensile, impact, harden- 
ability and cleanliness properties have provided 
the background of experience which has en- 
abled engineers in the company to determine 
the best application for every incoming lot of 
steel, once its properties have been ascertained. 

Another tractor maker — it also builds a diver- 
sified line of farm equipment — has effected ap- 
preciable cost savings by establishing a category 
of low-manganese plain-carbon steels that have 
wider carbon and manganese ranges than do 
the standard grades. Modifications of the com- 
mon A.IL.S.I. steels 1020 up to and including 
1045, these grades are used for parts in which 
mechanical-property and heat treatment. re- 
quirements are not particularly stringent. An 
example of such a modified analysis is the one 
applying to the A.LS.I.-S.A.E. 1020 grade; the 
standard grade specifies 0.18 to 0.23% C and 
0.30 to 0.60% Mn while the modified grade per- 
mits 0.17 to 0.25% C and 0.25 to 0.60% Mn. 


Straight Molybdenum Steels 


One major car builder makes wide use of the 
straight molybdenum alloy steels, particularly 
in carburizing applications such as gears. There 
are several reasons behind this practice. For 
one thing, basic economy of the raw material is 
an important factor, 4023 and 4027 being the 
most economical of recognized carburizing 
alloy grades. These alloys also have excellent 
machining characteristics. Further improve- 
ment in machining can be obtained by using 
4024 and 4028, both of which are resulfurized 
grades. 

In addition to these advantages, the straight 
molybdenum steels also provide good harden- 
ability. As an example, 4422, developed for 
heavy-duty applications, has successfully re- 
placed 8620, 4720 and 4620. Finally, the use of 


C.040-0.0 
C2 
| 


a single series of steel allows standardized heat 
treating cycles. 


Complicating the Economics Picture 


Sometimes a potentially economical material 
or method may be considered, only to be dis- 
carded in the end because the necessary equip- 
ment would cost too much. This is reflected in 
the variety of materials that are used for auto- 
mobile crankshafts. The M-P Fact Sheet lists 
four different choices: pearlitic malleable iron, 
nodular iron, 1046 and 1145. The two irons are 
cast, of course, and the steels are forged. 

Naturally, the question arises, “Why is there 
such a variation in materials and in processing 
when they are all used to make the same type 
of part which performs essentially the same 
service?” The answers vary. For example, the 
fabricating equipment which the company has 
at its call may be the primary reason for the use 
of forged crankshafts. This does not mean that 
the quality of the part is sacrificed because the 
available equipment precluded the use of cast- 
ings. The two medium-carbon steels, 1046 and 
1145, have the desired combination of harden- 
ability and tensile strength for forged crank- 
shafts in trucks and tractors as well as in autos. 
In all but two instances, as shown in the Fact 
Sheet, 1046 is the preferred steel when a forging 
is used. Because they are generally subjected 
to more severe stresses in service, most forged 
crankshafts for trucks and tractors are likely to 
have an added treatment; after machining, the 
bearing surfaces are induction hardened for 


70 


Fig. 1 — As the Final Machining Operation on Auto- 


mobile Crankshafts, the Bearing Surfaces Are Ground 


to a High Finish in This Automatic Machine. Crank- 


shafts such as these are made of cast irons or forged 
steels depending on the manufacturer's preference 


extra wear resistance. Often, these zones are 
also shot-peened for more fatigue strength. 


Many Grades — Few Processes 


Actually, although quite a wide variety ot 
carbon and low-alloy steels are employed for 
making the important structural components in 
autos, only two principal heat treating processes 
are in general use. A glance at the Fact Sheet on 
p. 68 will show that virtually all of the listed 
parts are either simply quenched and tempered, 
or carburized and direct quenched. Heat 
treated parts, such as connecting rods and 
crankshafts, are often tempered at temperatures 
high enough to produce a structure that can be 
easily machined. This reduces production costs 
because bearing surfaces can then be readily 
machined to the proper dimensions. 

It will be noted that automotive parts which 
need carburizing, particularly ring, pinion and 
transmission gears, are made largely of low- 
alloy steels such as 8620 and 4027. After direct 
quenching from the carburizing temperature, 
the only additional treatment generally needed 
is stress relieving at 300 to 350° F.; this reduces 
the stresses introduced by quenching to a toler- 
able level. Gears are generally quenched in 
oil to minimize distortion. Also, martempering 
is sometimes employed. Figure 2 illustrates 
stub shafts (of 5040) for automatic transmissions 
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which have been martempered and tempered in 
a mechanized salt bath line to Rockwell C-38 
to 40. Since distortion is slight during mar- 
tempering, the shafts can be finish-machined 
before treatment. 


Steels for Connecting Rods 


The Fact Sheet shows that the connecting 
rods of automobiles and trucks are generally 
forged of medium-carbon steels. One manufac- 
turer gains added strength by using 4137, a 
chromium-molybdenum grade, for the heavier 
connecting rods for trucks. Another uses 1139, 
a grade with extra sulfur for machinability. 

Two popular grades are 1041 and 1141, both 
of which contain about 1.50% Mn to give them 
the hardenability needed for full hardening or 
quenching and tempering. One car builder is 
able to obtain adequate strength in 1141 con- 
necting rods by normalizing them after forging. 
This avoids the added expense of more elabo- 
rate heat treating. Machining is also abetted 
because 114] is a free-machining grade. 


Piston Pins — Small But Mighty 


Next in order on the Fact Sheet are piston 
pins. As Fig. 3 shows, these items are hollow 
steel tubes which hinge the pistons to the con- 
necting rods. When the engine is operating, 
piston pins are subjected to both wear and 
fatigue. To gain the needed wear resistance 
and provide adequate fatigue life, they are usu- 
ally carburized, quenched, and tempered to 
about Rockwell C-60. 

There are many ways to make serviceable 
piston pins. For example, some are cold ex- 
truded (typical steels: 1016, 1018 and 5015) 
rather than being machined from bar stock. 
Reports are that the process is economical be- 
cause little material (which would otherwise be 
lost in the form of chips) is wasted. Further- 
more, one manufacturer reports that piston pins 
made from cold-extruded steel have slightly 
better fatigue resistance. 

Another technique employs seamless tubing 
(usually of 1016). Pins are carburized, quenched 
in brine and tempered to Rockwell C-60. How- 
ever, though certain economies are realized 
through savings in material and machining 
costs, the practice is said to have one drawback. 
Variable wall thicknesses in seamless tubing 
may make it difficult to carburize to a consistent 
depth. For example, in zones where tube walls 
are too thin, the pin could carburize through; 
this could result in a brittle, substandard pin. 
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Steels for Gears 


In connection with selecting steel for gears, it 
would be well to quote a pertinent passage from 
the new A.S.M. Metals Handbook (p. 209): 
“Gears are almost always oil quenched because 
distortion must be held to the lowest possible 
level. This means that alloy steels are usually 
selected — which particular alloy is much de- 
bated. The lower-alloy steels, such as 4023, 
5120H, 4118, 8620H and 4620, with a carbon 
range of 0.15 and 0.25%, are in wide use and are 
generally satisfactory. The first choice usually 
would be made from the last two steels men- 
tioned, as either should be safe for all ordinary 
applications. The final choice, based on serv- 
ice experience or dynamometer testing, should 
be the lowest-cost steel that will do the job. To 
this list should be added 1024, which, although 
not classed commercially as an alloy steel, has 
sufficient manganese to make it oil hardening up 
to an end-quench correlation point of 3/16 in.” 

These observations are well supported by the 
Fact Sheet which shows that ring and pinion 
gears (for the differential—see Fig. 4) and 
cluster gears (for the transmission) can be made 


Fig. 2 — Stub Shafts (Made of 5040) Are 
Martempered and Tempered in a Mech- 
anized Ajax Salt Bath Line. Because 
distortion is limited, these shafts can 
be finish-machined before hardening 
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from a variety of steels. Automobile, truck and 
tractor builders are virtually unanimous in 
choosing low-alloy steels which contain 0.20 to 
0.30% C. (In only one instance is a 0.40% C 
steel used for a transmission gear. However, it 
is carbonitrided.) All of the gears made of these 
steels are carburized to produce the hard, wear- 
resistant cases that gears must have. 

The most popular grade appears to be 8620, 
particularly for gears in truck and tractor. How- 
ever, steels such as 4027, 4520, 8622 and 8720 
are used, too. Though hardenability and ma- 
chinability certainly must be considered, the 
final choice of the gear steel is likely to depend 
on factors other than the actual properties of 
the particular steel. One automobile maker 
states: “Where a number of materials is in- 
dicated as optional for a part, the selection is 
based either upon availability or the harden- 
ability as it relates to section size.” In other 
words, the gear will be made of whichever spec- 
ified steel is available at the time provided it 
has the needed hardenability. 


Fig. 3— Exploded View of Internal Parts 
of Automobile Engine Showing Their In- 
terrelation. Note locations of valve springs, 
crankshaft, connecting rod, and piston pin 
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Where heavy cases are needed, as in gears 
for tractor components, case hardenability must 
also be considered. To quote one chief metal- 
lurgist of a tractor plant: “It does no good to 
carburize to a depth of 0.100 in. and then be 
able to harden this case (above Rockwell C-50) 
to a depth of only 0.030 in. because case harden- 
ability is lacking.” If desired, this property 
can be determined quantitatively through the 
use of end-quench tests of carburized bars. 


Tractor Gears Are Re-Austenitized 


There is one decided difference between heat 
treatment methods employed by auto and truck 
makers and those used by builders of crawler 
tractors. In general, the former can depend on 
carburizing, direct quenching and tempering to 
produce a gear which will stand up in use. 
However, tractor makers, because of somewhat 
higher service demand on their products, usu- 
ally find it necessary to re-austenitize gears 
after carburizing and cooling them. Then, the 
quenching and tempering operations that fol- 
low will produce a tough, strong core and a 
hard, wear-resistant case which also has excel- 
lent fatigue life because of compressive stresses 
in the surface zone. 

Also, the cases on tractor gears are generally 
heavier than they are on automobile gears; 
deeper carburized cases are needed because of 
the greater wear and high stresses that tractor 
gears must withstand. One manufacturer de- 
signs to about 50,000-psi. bending stresses for 
suitable life. This company’s engineers also 
report that a suitable rule for case depths is 
“1/6 of the cross section to provide a part that 
is 1/3 case, 2/3 core”. 

The desire of automobile builders to apply 
direct quenching can result in apparently com- 
plex treatments. For example, the following 
procedure is often employed for manufacturing 
ring and pinion gears. After being forged, gear 
blanks are cycle-annealed to produce a machin- 
able structure. Then the teeth are cut, the 
gears are carburized, furnace cooled to 1500° 
F., quenched in oil, and tempered to a Rockwell 
C-60 minimum. As a final step on the pinion 
gear, the threaded end is tempered to C-40. 


Valve Springs Are Important 


The primary property needed by a valve 
spring is fatigue strength to withstand the mil- 
lions of flexures it will receive during its service 
life. For this application, builders of auto- 
mobiles use springs made of carbon steel (the 
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Fig. 4— Exploded View of Rear Axle As- 
sembly of Automobile. Note location of 
drive gear and pinion, the main stress bear- 
ing parts in this assembly. Several types of 
low-alloy steel are used for these parts 


carbon varies between 0.60 and 0.75%) which 
are either hardened and tempered, or patented 
and cold drawn at tensile strengths between 
210,000 and 250,000 psi., depending on the wire 
diameter. 

As a general rule, the materials engineers will 
specify “Valve Spring Quality” wire for this ap- 
plication. When covered by a commonly used 
specification, A.S.T.M. Designation A 230, such 
wire must have (aside from the above prop- 
erties) a minimum reduction in area of 45% and 
must “be free from imperfections such as seams, 
pits, die marks, scratches, and other defects 
tending to impair the fatigue value of the 
springs’. To increase their fatigue life, these 
springs are usually shot-peenced after heat treat- 
ment to prestress the surface in compression. 


Suspension Systems Vary in Complexity 


Automobile suspension systems generally em- 
ploy leaf and coil springs. (Torsion bars are 
also employed.) Though a wide variety of 
steels is used for these parts, the auto builders 
seem to be unanimous in choosing alloy grades, 
5160 being the most widely applied. As to 
which of these steels is best from a cost and 
engineering standpoint, there is no one answer. 

Taking 5160 and 9260, for instance, the 
former is less expensive, but smaller volumes 
of the latter are needed for comparable springs. 
In other words, a spring, properly designed to 
be made of 9260, must be longer and larger in 
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diameter if it is made from 5160 and is to have 
the same fatigue strength and “settle” properties 
as the 9260 spring. Therefore, in the long run, 
5160 may be the more expensive grade if the 
extra material needed to achieve the required 
properties overrides the difference in base price. 

Alloy steels are favored (over carbon steels) 
for leaf and coil springs because of their 
hardenability. Springs should be hardened 
uniformly across the section, and these sections 
are usually too large for the hardenabilities of 
carbon steels. Also, the same heat which is 
used for hardening is used for coiling. (The 
spring is coiled while hot, then quenched.) The 
sluggishness of alloy steels generally insures 
that no transformation has occurred during the 
coiling operation. Alloy steels, since they can 
be purchased to hardenability specifications, 
also are apt to be more uniform in their response 
to heat treatment from lot to lot than the 
corresponding carbon steels. 

Alloy spring steels are invariably hardened 
and tempered to a spring hardness (between 
Bhn. 401 and 514). As is the situation for valve 
springs, the springs for the suspension system 
are shot-peened for added fatigue strength. 

In general, tractors do not have suspension 
systems as do autos and trucks. However, most 
large crawler tractors have heavy leaf springs 
and a massive coil spring (usually termed a 
“recoil” spring) which keeps the track tight and 
takes up any shocks that might be encountered 
in service. These coil springs, which must meet 
rigid standards with regard to mechanical prop- 
erties and surface quality, are heat treated to 
spring hardnesses, Rockwell C-40 to 45. Grades 
such as 1080, 1096, 8660 and 4160 give satisfac- 


torv service. 


73 


Cu \ | 


Fact Sheet 


Cars, trucks and crawler tractors all have dif- 
ferent setups for steering. For example, though 
cars and trucks are steered through similar types 
of steering gears, cars do not have solid front 
axles as do most trucks. Instead, each front 
wheel in a car is independently linked to the 
frame through short swing arms and ball studs. 
In trucks, kingpins connect the steering 
knuckles to the front axles. 

As in the selection of steels for the other heat 
treated parts in automotive equipment, a variety 
of steels is used for steering knuckles and king 
pins. The former, for example, are forged of 
1340, 1345, 1046, 8640 and 8645. Normally, 
they are austenitized, quenched and tempered 
to hardnesses ranging from Bhn. 217 to 341, 
depending upon the stresses that must be with- 
stood in service. 

One car manufacturer reports that 1340 had 
been used for over 20 years, but as the car 


Track Parts A* 


weight increased, the size of the steering 
knuckle increased. Finally, the hardenability 
had to be raised, so the manufacturer found it 
necessary to go to 1345, a steel with the extra 
hardening potential that was needed for the 
heavier section, but which cost the same as the 
other. Another car builder selectively hardens 
the bearing fillet (by induction) because that 
zone of the steering knuckle needs to withstand 
the highest stresses in service. 

The kingpins used on trucks are made from 
any of a group of steels including 8622, 8617, 
4620, 3120, 1050, 4615 and 8615. Those made 
of 1050 are induction hardened (Rockwell C-60 
min.). Kingpins made of the lower-carbon 
steels, however, are carburized, quenched and 
tempered to about Rockwell C-60. 

Some variations in treatment exist. One truck 
builder, for instance, employs the martemper- 
ing process; its 8622 kingpins are carburized, 


B C 


Shoe 1050 rolled section; Q & T to 


1040 rolled section; Q & T to Bhn 


1045: Q & T to Re 32-35 


| Bhn. 250; grouser: hardened and | 229-302; grouser: flame hardened and 


tempered to Rc 43-50 


| tempered to Bhn. 341—429 


Link 1041, 1043 or 1046; Q & T to 1042; Q &T to Bhn. 229-302: 1045: Q & T to Re 40-45 
Re 25—32: rail surface: induction | rail surface: induction hardened to Rc 
hardened to Rc 50—58 55 min. 

Pin 1045: induction hardened to 1055; induction hardened to Rc 55 min. | 1050: induction hardened to Rc 61 
Rc 60—66 min. at surface and Re 40 at 1/8-in 

depth 

Bushing 1018 or 1026; carburized and 1019 seamless tubing; carburized 1018 seamless tubing; carburized, 0 

surface quenched. Timing is Q &T to Rc 56 min. Case depth & T to Rc 60 min. Case depths: 0.065 


such that case is tempered to 0.063—0.073 in 


Rc 60—66 by remaining heat 
Case depth: 0.070—0.090 in 


0.080 in. and 0.095—0.110 ir 


Sprocket Cast steel (0.40—0.50% C); Cast steel (0.40—0.50% C); teeth Cast steel (0.40% C, 0.70% Cr); Q&T 
die quenched or flame hardened: | flame hardened to Rc 45—55 after to Bhn. 241—302: teeth: induction 
teeth: Rc 45—55 tempering hardened to Re 50—55 


Idler Cast steel (0.40—0.50% C): rim Cast steel (0.40 


0.50% C): rim: flame | Cast steel (0.40% C); rim: induction 


induction hardened to Rc 45—52 | hardened to Rc 45—55 after tempering hardened to Rc 50 min. on surface 


Track 1043, 1045 or 1049: rim: either 1040; rim: induction hardened to Rc 1045: Q & T to Re 52 min. on surface, 
rollers Q &T or induction hardened 47 min. Case depth: 3/16 in Rc 45 min. at 1/8 in. depth. Quenching 
to Rc 52-60 is timed so the residual heat tempers 

the part 
Support Chilled alloy cast iron; rim: Rc | Gray iron casting; Bhn. 197—241 1045; induction heated and quenched 
rollers 42-60 or 1049: rim: Rc 52-60 to harden rim to Rc 55 min. at surface 


Re 40 min. at 1/8 in. depth 


Rc 40 min. at 1/8 in. depth 
Tempered by control of residual heat 


Symbols: Q & T: quenched and tempered 
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* Three leading manufacturers of crawler tractors are represented in the “A’, “B’ and “C” columns 
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quenched, and tempered to Rockwell C-57 to 
63 (case depth: 0.026 to 0.048 in.). Another 
manufacturer, one that generally uses 4615 
forgings, carburizes its kingpins, then after 
dropping the temperature to about 1550° F., 
quenches in oil and tempers at 325° F. 


Steering the Crawler Tractor 


In a sense, the crawler tractor is in a class by 
itself as far as the motive method and setup for 
steering are concerned. Running on endless 
tracks, consisting of steel plates strung together, 
it is steered by stopping the appropriate track 
(right or left) while the other continues to move. 

In assembling the track, shoes are bolted to 
links, and the links, in turn, are hinged to each 
other by pins and bushings. When installed and 
in operation, the track is actuated by the 
“sprocket” and is supported by the “idler” and 
“rollers”. This track assembly and its auxiliary 
equipment are a critical problem in steel ap- 
plication and treatment. Since all of these parts 
are in the open air, they are subjected to all 
sorts and conditions of weather and abrasive 
wear as well as being under extreme stresses 
most of the time. 

The M-P Fact Sheet on p. 74, which lists the 
steels and heat treating procedures used for 
components of track assemblies, shows that ex- 
tensive use is made of the medium-carbon 
grades, and that induction hardening is widely 
employed. Furthermore, some of the tractor 
makers report that they are able to forego 
tempering after quenching. Instead, they apply 
a timed quench (on such items as sprockets and 
idlers). The outer surface is quenched, but 
quenching is stopped while the core is still hot 
enough to temper the hardened surface. 

Such operations, of course, require very close 
timing and good control of material with refer- 
ence to hardenability variations. For this rea- 
son, some manufacturers prefer to use alloy 
steels because it is simpler and less costly to 
employ conventional quenching and tempering 
treatments. 

Tractor builders place much reliance on the 
medium-carbon grades, 1040 to 1050, for mak- 
ing track shoes, links, and pins. For economy 
in manufacture, track shoes are made from hot- 
rolled stock, the cross sections of which are 
rolled to the contour of the longitudinal sections 
through the shoes. After being cut to the re- 
quired lengths, shoes are generally austenitized, 
quenched and tempered to a hardness which 
will give a combination of wear resistance and 
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The information contained in this article and the 
Fact Sheets was gathered through the cooperation 
of engineers associated with the companies listed 
below. Without their assistance, very little could 
have been accomplished by the editors. We thank 
them most gratefully. 

Allis-Chalmers Mfg. Co., Springfield, Ill. 
Caterpillar Tractor Co., Peoria, Ill. 
Chrysler Corp., Detroit 

Deere & Co., Moline, Il. 

Ford Motor Co., Dearborn, Mich. 
General Motors Corp., Detroit 
International Harvester Co., Chicago, Ill. 


toughness. (One manufacturer uses a hardness 
range of Rockwell C-32 to 35 for its 1045 shoes). 
The grousers (the sharp ridges on the shoes 
which dig into the ground when the tractor is 
operating) are generally flame or induction 
hardened to Rockwell C-45 to 50 because they 
are subjected to a greater amount of wear than 
the rest of the shoe. 


Induction Tempering 


One manufacturer induction tempers track 
shoes after quenching them. To treat these 
shoes, which are made of 1050, induction heat- 
ing is applied from the side of the shoe which 
contacts the links. Timing is such that the 
other side does not reach the same temperature. 
By this means, the other side (which contacts 
the ground) will have a higher hardness for 
greater wear and abrasion resistance. After this 
treatment, the grouser is induction hardened 
and quenched to Rockwell C-43 to 50 for extra 
wear resistance. 

Links and pins also undergo extremes in 
abrasive wear and temperature. As with track 
shoes, much use is made of induction hardening 
techniques for treating these critical items. One 
manufacturer uses 1335, a high-manganese 
steel, for links. The extra manganese (1.45 to 
2.05%) gives the steel a hardenability which is 
equivalent to that of medium-carbon grades 
with higher carbon levels. 

Track bushings, unlike shoes, links, and pins, 
are case hardened because they receive added 
wear from contact with the sprocket teeth. As 
the M-P Fact Sheet shows, most tractor builders 
use 1018 (one uses seamless tubing; another 
cold extrudes its bushings). Bushings are 
hardened by carburizing, quenching and tem- 
pering. In one instance, a tempering operation 
is avoided by a timed quench (in brine). The 
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bushing is pulled from the quenchant while 
still fairly warm, and the remaining heat tem- 
pers the case. 

Sprockets and idlers are generally made from 
cast steel (0.40 to 0.50% C) although one pro- 
ducer uses welded parts with rims of 1035. 
Both of these components are hardened on the 
outside surfaces for wear resistance. In a sense, 
sprockets can be considered as large gears. 
Thus, like such gears, they can be _press- 
quenched to harden the teeth. Sprocket teeth 
are also hardened by flame or induction-harden- 
ing techniques as are the rims of idlers. These 
sprocket and idler hardening operations often 
employ timed quei.ches that allow the remain- 
ing heat to temper the quenched surfaces. If 
this is done with the proper timing, added 
heating for tempering is unnecessary. 

The bottom rollers, which guide and support 
the track between the sprocket and idler, are 
made of steels containing 0.35 to 0.45% C, de- 
pending upon the manufacturer. Since their 
rims must withstand constant wear from the 
track, they are heated and quenched on the out- 
side surfaces in much the same manner as idlers. 

Tractor manufacturers also make good use 
of carbon steels for highly stressed shafts and 
axles. When such parts have regular shapes 
and relatively constant cross sections, they can 
often be made of medium-carbon steels (such 
as 1035, 1040 or 1045) and induction hardened. 
In fact, one tractor builder “shell” hardens 
irregularly shaped main axles (of 1040 steel) by 
furnace heating and “scan” quenching for 
fatigue resistance. 


What the Future Holds 


There is a constant trend toward increased 
engine power, particularly in the tractor and 
truck fields. In general, engineers achieve in- 
creased power not by designing larger engines 
(this means using greater amounts of steel and 
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Fig. 5—Track Assembly of 
Crawler Tractor Partly Disas- 
sembled to Show Idler (Left). 
Support Roller, Recoil Spring, 
and Sprocket. At the bottom, 
track pins and bushings con- 
nect the track links to which 
are attached the track shocs 


other materials), but by such measures as rais- 
ing engine speeds and adding superchargers. 
Thus, stronger, more heat-resistant materials to 
withstand the increasing stresses and tempera- 
tures are always being demanded. 

Cleanliness is one property which will have 
to receive more attention from steelmakers, ac- 
cording to one tractor manufacturer. This may 
mean increased interest in vacuum-degassed 
steel, a material which has been used chiefly 
for heavy forgings (die blocks and _ turbine 
rotors, for example) up to now. Another trend, 
according to a chief engineer for a car builder, 
is that “The foundry people are making a strong 
bid to take business away from the forge shops. 
We should not be too surprised soon to find 
connecting rods and similar parts made from 
ductile cast iron.” 

Another metallurgist, concerned with trucks, 
believes that much more needs to be known 
about the materials now available in order to 
use them effectively. He states: “It is expected 
that we will gain a more thorough understand- 
ing of the strength characteristics of steel, and, 
along with this (through experimental stress 
analysis), a more finite determination of the 
types and magnitudes of strengths required for 
a given application.” With this combined 
knowledge, he feels, engineers will have a more 
rational approach to the selection of materials 
than the cut-and-try method used so often in the 
past. In short, he expects a “much more posi- 
tive combining of engineering mechanics and 
metallurgical engineering.” 

One thing is certain. Competition will con- 
tinue to be a part of the car, truck and tractor 
manufacturing scene. As such, it will always 
have to be considered by the engineers who 
work in these fields. They will be ever alert 
in applying new processes or materials which 
will help them to manufacture a more efficient, 
vet more economical, product. S$ 
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What Steel Shalll Use... 


for Heat Treated Parts 
in Business Machines 
and Home Appliances? 


Though the manufacturers of these two types 

of equipment make many different types of items, 
heat treatment processes are usually restricted 

to case hardening methods because 

wear resistance is the chief property desired. 
Much use is made of free-machining steels and 
powder metal parts. (J-general, T10c, X14, 17-57) 


Ass oNE MIGHT EXPECT, makers of business machines 
and home appliances use heat treated steels in stress-bear- 
ing parts as do automotive manufacturers. Although cost 
is just as important a factor as it is to the automakers, the 
pattern of usage is somewhat different because these two 
industries make such a wide variety of products. For ex- 
ample, the makers of business machines produce most 
types of office equipment from adding machines and type- 
writers to elaborate data processing systems requiring 
groups of specialized units. 

Likewise, makers of home equipment construct and sell 
items ranging from small, simply built can openers to large 
and complicated pieces of home laundry machinery. Under 
such circumstances, it is difficult to outline, or even discern, 
a simple pattern of materials selection and processing for 
individual parts. However, a consideration of the methods 
followed by individual manufacturers will present some 
worth-while ideas. 


Home Appliances — Few Critical Parts 


With regard to heat treated steels in home appliances, 
the type of service that most of the components perform is 
such that there is little reason to specify heat treated parts 
or alloy steels. In fact, about the only home appliances 
that have moving parts are laundry equipment (washers 
and driers), dishwashers, waste disposers, and cooling units 
(air conditioners, refrigerators, dehumidifiers, and the like). 
Even these items have little in the way of heat treated 
parts. For example, the Maytag Co., one of the major pro- 
ducers of home laundry equipment, reports that it basically 
employs only three types of steels which are heat treated, 
A.I.S.I. 1117, 1213 and 1141. Furthermore, the heat treat- 
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Many Business Machine Parts Are 
Case Hardened for Wear Resistance 


Precision Gears 
of Leaded Steel 


Washing Machine 
Gears of 1213, 
Carbonitrided 


On 


Fluted Shaft 
With Case Hard- 
ness of 


Carbonitrided 
Part for Accounting 
Machine 
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ments are generally case-hardening processes 
applied when good wear resistance is needed. 
The first two steels are usually carbonitrided, 
and 1141 is induction hardened. In only one 
instance does Maytag use an alloy steel; its 
most stringent application, a drive sleeve for a 
wringer-type washing machine, calls for an 
A.LS.I. 8620 (containing lead for machinability). 
This part is carbonitrided to about 0.010 in. for 
resistance to fatigue and wear. 

Maytag also uses Type 416 stainless steel 
where corrosion resistance is important, hard- 
ening it in an endothermic atmosphere. Vari- 
ous types of cast irons (gray, ductile, and 
malleable, for example) are used for gears; they 
are normalized for wear resistance, machinabil- 
ity, and dimensional stability. Self-tapping 
screws are made from A.LS.I. 1019, being car- 
bonitrided for strength and cutting properties. 

Cooling equipment usually contains small 
compressers to force the refrigerant through the 
cooling coils of the unit. Although these 
items are expected to give quiet service for 
years on end, application problems are not par- 
ticularly stringent. This is largely because 
compressers are hermetically sealed so that the 
moving parts — piston, connecting rod, crank- 
shaft and valves — operate in an atmosphere of 
oil and refrigerant. Air and moisture are re- 
duced to very low levels. Thus, corrosion of 
internal parts is not a problem, and parts can 
be made of materials which are not ordinarily 
mated to each other because of such difficulties. 

For example, one company makes the crank- 
shaft of pearlitic malleable iron, the piston and 
connecting rod of aluminum, the piston pin of 
low-carbon seamless tubing and the valves of a 
high-carbon spring steel. In the compresser, 
only the piston pin and the valves — flat springs 
which open and close to let refrigerant in and 
out of the compresser cylinder—are heat 
treated. The piston pin is carburized for wear 
resistance, and the valves are made of sheet 
steel quenched and tempered to a tensile 
strength of 275,000 to 300,000 psi., depending 
upon the thickness. 


Business Machines Are Complicated 


The situation is somewhat different for busi- 
ness machines. Since most of them are quite 
complicated, yet are expected to give years of 
continuous, trouble-free service, manufacturers 
make good use of heat treating practices. In 
particular, case-hardening processes such as 
carburizing and carbonitriding are widely used. 
Parts used in business machines require ex- 
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treme accuracy, and usually operate at high 
stresses. A quotation from a paper on “The 
Control of Carbonitriding”, by John B. Given 
(staff metallurgist at I.B.M.) presented at a 
Rochester Chapter @ meeting will give an idea 
of the problems involved: 

“The mechanical components of our tabula- 
tors and computers consist of mechanisms for 
feeding cards or tapes, sensing devices, count- 
ers, analyzer units, and high-speed printing me- 
chanisms. All of these must operate at high 
speeds and some with little or no lubrication. 
Small contact surfaces with extremely high unit 
loads require optimum surface hardness. Ex- 
tremely close tolerances for flatness and dimen- 
sions must be maintained. Many parts are 
made from strip steel only 0.040 in. thick. The 
major part of our heat treating processing thus 
consists of light case work. 

“Steels used for these applications are A.LS.I. 
B 1113, C 1117, C 1010, C 1018, 8617 and 8620. 
Case depth specifications range from 0.002 to 
0.003 in., and up to 0.015 to 0.030 in. Case 
depth above 0.010 in. comprises only about 10% 
of the total.” 

Business machine makers use carburizing and 
carbonitriding practices which differ from those 
employed in the auto industry. As Mr. Given 
stated, dimensional accuracy and wear resist- 
ance are needed in gears and other parts which 
are usually quite thin; thus they aim for much 
thinner cases than do the automotive people. 
Because of this, carbonitriding between 1500 
and 1550° F. is a favored treatment. Not only 
can cases be controlled at depths as low as 
0.005 in., but cores are also tough when heated 
and quenched from these temperatures. Thus, 
parts can be direct quenched after hardening. 

As would be expected, it is not a simple mat- 
ter to produce thin cases with consistent case 
depths. At I.B.M., a modified gas carburizing 
treatment is employed for parts which are to be 
selectively hardened. Ammonia is added only 
for the first 40 min. of the carburizing cycle 
(total cycle is 1 hr. at 1550° F.). The as- 
carburized case hardnesses— ranging around 
Rockwell C-30— leave the parts in condition 
for further machining operations. 


Types of Steels Used 


Carbon and low-alloy carburizing grades are 
the most popular steels for business machines. 
Both I.B.M. and National Cash Register Co. use 
large amounts of A.I.S.I. 1010, 1111, 1112, 1113, 
1117, 8617 and 8620. At I.B.M., A.L.S.I. 1010 


and 1113 are used for parts requiring cases (car- 
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bonitrided) between 0.003 and 0.005 in.; A.LS.I. 
1117 is used if the cases are to be somewhat 
heavier (0.006 in.). According to J. S. Meyer of 
I.B.M., such “heavy” cases are used on shafts 
in which fatigue failures might be expected. 
“Shafts such as this often perform 250,000 op- 
erations in one day!”, he adds. For highly 
stressed parts, 8617 and 8620 are used, the 
former grade being employed for strip parts 
(lower carbon gives better formability). Some 
gears which receive heavy service are made of 
A.LS.I. 4150. After heat treating to about 
Rockwell C-30, the teeth are machined and 
flame hardened to a Rockwell C-55 minimum. 

Heat treated castings are also used. For in- 
stance, I.B.M. employs pearlitic ductile iron for 
some parts on which sections are selectively 
flame hardened. It also uses investment cast- 
ings of A.I.S.I. 8620; these are normalized and 
case hardened by carburizing or carbonitriding. 

Business machine manufacturers also make 
wide use of powder metallurgy techniques for 
the sake of dimensional accuracy. Further- 
more, parts made of high-density iron sinterings 
(above 7.4 g. per cu.cm.) are often carburized 
or carbonitrided for strength and wear resist- 
ance. Through powder metallurgy, small and 


The Metallurgist’s Role in Selecting 
Materials for Business Machines 


When choosing the correct alloy for a stress-bearing part 
in a business machine, the final decision is generally made 


complex parts can be made with few operations. 
As a consequence, though the original cost of 
the iron powder is rather high, savings are 
achieved by the smaller amount of handling 
that is needed for fabrication. Analyses com- 
parable to carbon steel grades are occasionally 
made by carburizing iron powder parts through- 
out the section thicknesses. 

In typewriters the parts which receive the 
most wear are the type bars. Here, again, 
familiar grades are employed. At N.C.R., for 
instance, type bars (used on the typing me- 
chanisms of some business machines) are made 
of A.1.S.I. 1022. The bars are formed, case 
hardened by cyaniding and tempered. As for 
the type blocks, they are made of A.1.S.I. 1010, 
cyanided for wear resistance. 

At Royal McBee, a different method is used 
for type bars. As reported by Donald Flannery 
in Metal Progress (November 1959, p. 91), that 
company employs A.I.S.I. 1055 strip. After 
being formed to shape, the bars are austenitized 
at 1520° F., and quenched to 710° F. where they 
are held until transformation to bainite is com- 
plete. The type ends are then selectively tem- 
pered at 860° F. All austenitizing and temper- 
ing operations are carried out in salt baths. ©& 


By D. C. WILLIAMS* 


through the combined effort of the design engineer and the metallurgist. 
As described here, this procedure was followed in determining the material 
and heat treatment for three critical parts of a 


Ix rue FIELD, the metal- 
lurgist is usually called upon to work with the 
design engineer in selecting materials for ma- 
chine parts. This is particularly true in the 
business machine field. Since space and weight 
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typical business machine. (X14, J-general, 1-54; TS) 


requirements are continually tightening, the de- 
sign engineer, by necessity, generally works on 
machines with closely packed moving parts 


*Chief Metallurgist, Addressograph-Multigraph 
Corp., Cleveland. 
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Fig. 1 — This Apparently Simple Plate 
Is Made by the Graphotype, a Com- 
plex Machine Built of Many Parts 


Fig. 2— Rack and Paul (Below) for 


the Graphotype. These two parts 
must have good wear, fatigue and 
impact resistance to undergo heavy 
service for long periods. The rack 
is made of A.1.S.1. 1117, the pawl, 
from a shock-resisting tool steel — 

modified with additional chromium 


which must meet heavy service demands for 
long periods of time. Also demanded are low 
material and manufacturing costs, higher oper- 
ating speeds, reduced wear, greater impact 
properties, better machinability, and uniform 
results in heat treating. All these desires, when 
put together, produce many different problems, 
each of which requires careful study by the 
metallurgist. 

As an illustration, let us consider the selection 
of materials for critical parts in the “Grapho- 
type”, a machine that embosses metal and 
plastic plates (Fig. 1) for addressing and data 
recording equipment. For example, the rack 
and pawl (Fig. 2) which space the characters 
on the plates introduce several difficult prob- 
lems in design, metals selection and production. 
First, as he pawl moves, only its corners con- 
tact the rack. Thus, the wear and impact on 
these corners — and the rack teeth as well — is 
considerable. Furthermore, there is much wear 
on the face of the pawl as it slides against the 
rack. In some instances, the rack may travel its 
full length so that the pawl drops into its last 
tooth. Since there is high spring pressure in 
this action, both the top sections of the pawl 
tooth and the rack tooth undergo much impact; 
this produces a shearing action which may 
cause either the rack or the pawl tooth to fail. 
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Tool Steel Used for Pawl 


After much testing, we selected (for the pawl) 
a shock-resistant tool steel, A.1.S.1. $3 modified 
with additional chromium (nominal analysis: 
0.50 C, 1.00 Cr, and 1.00 W). As for heat treat- 
ment (to produce wear resistance, core hardness 
and toughness), the part was treated at 1650° 
F. for 30 min. in an endothermic atmosphere, 
quenched for 10 min. at 240° F., and double 
tempered. Each tempering cycle was 2 hr. to 
a final hardness, at the surface, of Rockwell 
A-78 to 79. 

The rack is both difficult to machine and to 
hold at close dimensional tolerances through 
heat treatment. For this part, a free-machining 
steel, A.I.S.I. 1117, was chosen. This grade 
machines easily, develops a uniform case when 
carburized, and has good dimensional stability, 
wear resistance and toughness. To heat treat 
this part, we carburize for 1 hr. at 1600° F. 
in an endothermic atmosphere and cool in 
a controlled atmosphere. After the parts are 
reheated at 1475°F. in an endothermic at- 
mosphere, they are oil quenched for 10 min. 
at 240° F., and tempered at 450° F. to a final 
hardness of Rockwell 30N-70 to 74. In both 
the rack and pawl, case depth is closely con- 
trolled, parts being taken from each furnace 
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Fig. 4—Stop-Arm Forging and Assembly for 


Graphotype. Arrows indicate zone which 
undergoes much stress from clamping screw 
through split end; this zone is polished to elim- 
inate pits and scratches which might otherwise 
act as stress raisers. Made of A.1.S.I. 6145, 
the part is heat treated to Rockwell C-33 to 37 


load and checked before the load is released 
for production. 


Free-Machining Alloy Steel Selected 


The register ring shown in Fig. 3 also pre- 
sented a problem in materials selection. When 
we were called in to investigate, the tool steel 
being used for the part was giving trouble. 
Machinability was poor and nonuniform, par- 
ticularly during finish machining. (The teeth 
are given the finish cut at Rockwell C-46 to 50 
after the ring has been attached to the die 
head.) Furthermore, the tool steel we were 
using had borderline hardenability — it was 
difficult to obtain full hardness and _ retain 
roundness and flatness without press quenching. 

After analyzing the design and production 
factors, we finally selected a_ resulfurized 
A.LS.1. 4150 with a 50% spheroidized structure. 
Machinability of the blank (measured by tool 
life) increased 100%, hardenability was satis- 
factory, and warping was practically nil. Fur- 
thermore, machinability at Rockwell C-46 to 50 
increased 200%. For heat treating, the parts 
are heated at 1550° F. for 30 min. in an endo- 
thermic atmosphere, oil quenched for 10 min. 
at 240° F.. and tempered for 2 hr. at 850° F. 
The new material also cost but half as much 
as the steel! it replaced. 
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Fig. 3 — Graphotype Die Head With Register 
Ring. The register ring, which is shown sep- 
arately, offers problems in hardening and ma- 
chining, particularly because the teeth are 
cut after the part is hardened to Rockwell 
C-46 to 50. This part is made of A.1.S.I. 4150 
with added sulfur for improved machinability 


Another instance in which materials selection 
is important concerns the forging shown in 
Fig. 4. This stop arm is subjected to consid- 
erable impact during operation. The end with 
the small hole is under tension at the zone 
indicated by the arrows. (At that end a hold- 
ing screw through the split end clamps an 
eccentric.) For this part, we use A.1.S.1. 6145. 

As received, the forging is carbon-corrected 
(to replace the carbon lost from the surface in 
heating); this treatment also aids in producing 
a uniformly annealed structure for machining. 
After machining, the part is heated in a con- 
trolled atmosphere for 15 min. at 1600° F. and 
oil quenched 10 min. at 240° F. Tempering for 
5 hr. at 1050° F. to Rockwell C-33 to 37 com- 
pletes the treatment. As a final operation, the 
critical area indicated by the arrows is polished 
to remove any stress raisers which might induce 
premature fatigue failure. 

Such problems as these are a daily affair to 
the metallurgist concerned with materials selec- 
tion. Each new design brings new difficulties, 
which must be resolved before production on a 
volume basis is practical. As a consequence, 
the designer and the metallurgist generally 
work together; their combined talent enables 
them to choose the correct material for virtually 
any application and to keep costs in line. @& 
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What Steel Shallil Use... 


for Nitrided Parts? 


As a means of imparting wear resistance at elevated temperatures, 
nitriding is receiving much consideration. For example, 


By WILSON LEEMING* 


H11 gears for long-time service at 500° F. are now being nitrided, 


In tus “space AGE’, as it is called, the 
nitriding process is receiving more and more 
attention from manufacturers. For example, 
nitrided steels are now being used in precision 
bearing components and for power gears in air- 
craft accessory equipment. Where operating 
loads and temperatures are high, nitrided steels 
deserve attention because of their ability to 
maintain high hardnesses at elevated tempera- 
tures; this accounts in large measure for their 
demonstrated resistance to sliding and rolling 
contact wear. 

The specific selection of steels for nitriding 
and the necessary surface hardnesses, case 
depths, and core properties for the nitrided 


Fig. 1 — Gear Box Containing Nitrided Vasco- 
jet 1000 Gears for Operation at Elevated Tem- 
peratures. These gears, which were nitrided 
to a Rockwell C-70 hardness at the surface, 
operated several hundred hours at 500° F. 


and other similar applications are being studied. (J28k, Q9n; CN, AY) 


part all depend upon the service conditions, 
type of wear, size, contact stresses, and load- 
carrying requirements. A rather broad, but 
convenient, separation involves division between 
those applications in which wear alone is the 
major design criterion, and those in which both 
wear resistance and a higher load-carrying ca- 
pacity are required. Several material types, 
their applications and the heat treating cycles 
used are shown in the M-P Fact Sheet on the 
opposite page. 


The Mechanism of Nitriding 


Amenability of a steel to nitriding depends 
primarily on the type and amount of alloy pres- 
ent and the balance of carbon to alloy in the 
steel. Because of this characteristic, plain car- 
bon steels are rarely nitrided. Although a hard 
surface layer rich in iron-nitrogen compounds 
is formed, support from matrix and core is weak, 
and the case chips and spalls away. 

When strong nitride formers (such as chro- 
mium, molybdenum and vanadium) are added 
to medium-carbon steels, two important effects 
are produced. First, alloy nitrides can form to 
produce high surface hardness. Second, the 
strength and toughness of the case matrix and 
the core are improved to provide a case with 
greater resistance to crushing loads. Repre- 
sentative steels in this class include A.I.S.I. 4140, 
4340 and 6150. 

Although adequate for many wear applica- 
tions, the above steels attain hardness levels of 
only Rockwell C-50 to 60 because of their rela- 
tively lean alloy content. Also, the alloying 

*Metallurgical Engineer, Sundstrand Aviation 
Div., Sundstrand Corp., Rockford, Ill. 
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| Fact Sheet 


Rockwell 


Hardness 
Prenitriding 


Treatment 


Treatment Case Case Depth Applications 


| Gears, shafts splines, high-tem- 
perature bearing cages 


A(1550° F.), 00 & T(1000° F.) | 0.025 


0.035 in 


C 53-58 


A(1550° F.), OQ & 1(1000° F.) 
A(1750° F.), OQ & T(1200° F.) 


50-55 
65-70 


| 0.025 
| 0.020 


0.035 
0.025 


| Gears, drive shafts 


Dynamic face seals, control pis- 
| tons, splined drive shafts, valve 
| stems and sleeves 
A(1650° F.), OQ & ST(1275° F.) 


0.022 Gears and lightly loaded bearings 


2 Al (c) for elevated temperature 


H11 A(1825° F.), AC & MT(1050° F.) 0.020 High-temperature power gears, 
shafts, pistons 
H1] A(1825° F.), AC & MT(1025° F.) 


0.2C 
M50 A(2075° F.), AC & MT(990° F.) 
M2 A(2250° F.), OQ & MT(1075° F.) 


0.020 Dynamic face seals for high 


1020° F. (d) | | temperature 


r., 975° F. 


975- 
1020° F. (e) 


0.008 
0.008 


Hydraulic motor and pump pistons 
Hydraulic motor end caps 


300 series Annealed 


Stainless 


0.003 Adjusting screws, governor fly- 
weights and axles, valve stems 


and sleeves, actuating shafts 


Symbols: A: austenitize; OQ: oil quench; AC: air or atmosphere cool; T: temper; MT: multiple temper: ST: solution treat 

(a) Nitralloy steel. 

(b) Two-stage cycle also commonly used 

(c) International Nickel Co. steel. 

(d) Two-stage cycle: about 20% of the time at lower temperature; balance at higher temperature. If nitrided in an ammonia atmosphere, 
dissociation is varied 15 to 20% in first stage to 80 to 83% in second stage. 

(e) Commonly run in single stage within noted range 


1000° F. nitriding treatment, with attendant 
reduction in core strength characteristics. To 
combat this tempering effect, nickel is added to 
the aluminum-bearing steels as in Nitralloy N 
or Inco’s 5 Ni, 2 Al material. This makes it 
possible for the core to age harden during 
nitriding, thus providing better case support. 


Nitriding H11 Steel 


elements, chromium, molybdenum and vana- 
dium, form stable carbides as well as nitrides. 
During the necessary pre-nitride hardening 
treatments, the amount of alloy available for 
the nitriding reaction is reduced because alloys 
precipitate from solid solution as carbides. 


Grades Containing Aluminum 


The addition of the strong nitride former, 
aluminum, to certain low-alloy steels results in 
special nitriding grades like Nitralloy 135 modi- 
fied. Aluminum reduces the problem of alloy 
removal by carbide precipitation since it does 
not form a carbide. Thus, it remains in solid 


Higher alloy compositions, represented by 
modifications of A.I.S.I. H11 tool steel, offer 
interesting possibilities where very high surface 
hardness, wear resistance and load-carrying 
abilities are needed. This class is useful for 


solution and is capable of reaction after pre- 
nitride treatments. 

While modifications of this type provide 
higher surface hardness (ranging between Rock- 
well C-65 to 70), the case may be inadequately 
supported by the core for certain high-load 
applications. This is because the hardened 
structure is heavily tempered during the long 
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parts which are to operate at high temperatures. 

In secondary hardening steels of this type, 
the tempering temperatures used in providing 
maximum core tensile properties are 50 to 100° 
F. above 1000 F., the highest nitriding tempera- 
ture normally used. Therefore, parts may be 
prehardened to selected strength levels without 
concern about (Continued on p. 138) 
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and Applications for Selected Witriding Steels 
Steel 
| | 
4340 | 48hr..975°F, | 35-40 
135 
Mod. (a) 
5 Ni 
9.35 hr | 70-75 62-66 | 0.001 | 
16-20 hr., 975- 05 B85 | 0.001 
1020° F. (e) 
| 
| 
= 


for High-Temperature A pplications 


What Alloy Shall! Use... 


fron, nickel, and cobalt-base superalloys are the major 


(Above 1200°F .)? 


By WARD F. SIMMONS* 


structural materials for applications between 1200 and 1800° F. 
The alloys are likely to remain the only metallie materials 
for use at high temperatures under oxidizing conditions. 


Hicu-srrenctn for use at elevated 
temperatures, often called superalloys, are di- 
vided into three groups: Iron, cobalt, and nickel- 
base alloys. Applications for superalloys 
generally fall in the range of 1200 to 1800" F. 
and extend sometimes up to 2000° F. 


Rate of Progress 


The first gas-turbine engine operated with a 
turbine blade temperature of about 1300° F. 
Today, jet engines employ maximum blade 
temperatures of about 1750° F., an increase of 
450° F. in about 20 years, or an average increase 
of about 22.5° F. per year. At first, this may 
seem like a slow rate of increase considering the 
large amount of research that has been done to 
improve superalloys for high-temperature serv- 
ice. However, one should compare the figure 
of 22.5° F. per year with 14° F. per year — the 
rate of increase in steam power generating 
plants in which operating temperatures have 
gone from 700° F. to 1200° F. since 1924. 

Actually, improvements in superalloys have 

*Chief, Metals Evaluation Group, Battelle Me- 
morial Institute, Columbus, Ohio. The editors ac- 
knowledge the assistance of the following who pro- 
vided illustrations for this article: Continental Avi- 
ation & Engineering Corp.. Haynes Stellite Co., 
Pratt & Whitney Aircraft and Wyman-Gordon Co. 


$4 


(A-general, 1-66; SGA-h, SGB-s, 17-57) 


far outstripped the predictions of the experts. 
In 1945 the top temperature for these alloys at 
high stress levels (such as for jet engine blades) 
was expected to reach 1500 to 1550° F. In 1950 
the experts could see temperatures of 1700° F. 
but today it appears that 1900° F. may not be 
the final maximum temperature. It is interest- 
ing to note that the significant improvements 
made since 1952, mostly in the nickel-base 
alloys, have come after almost all government 
support for research was discontinued. 

The strongest of the early superalloys were 
iron-kase alloys, such as 16-25-6 and 19-9 W 
Mo. The cobalt-base alloys, Vitallium (a dental 
alloy, and later its modification HS-21), S-S16, 
and X-40 (HS-31) soon took over as the strongest 
alloys available, only to give up the lead to the 
nickel-base alloys. Today, the strongest high- 
temperature structural alloys available, both 
wrought and cast, are nickel-base materials. In 
Great Britain the cobalt-base alloys never were 
important; the British went directly from the 
iron-base alloys to the nickel-base Nimonics. 


Factors in Selection 


When choosing a superalloy for a specific 
application, an intimate knowledge of the en- 
vironment and conditions of service, as well as 
the physical and mechanical properties of the 
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alloy, is necessary. In general, high-nickel 
alloys should be avoided in the presence of sul- 
fur-containing compounds, especially sulfates. 
High-chromium alloys are not satisfactory in 
high vacuum because they will become depleted 
of chromium. Alloys containing cobalt should 
not be used in nuclear applications where the 
neutron absorption cross section must be kept 
as low as possible. 

Chromium increases oxidation resistance of 
the superalloys but decreases strength some- 
what. The strongest of the new cast nickel-base 
alloys contain only 10 to 13% Cr to increase the 
solubility of Nis(Al, Ti) in the matrix. These 
alloys may need help to withstand oxidizing or 
sulfur-containing atmospheres. An aluminizing 
treatment provides a high degree of resistance 
to sulfate attack and improves resistance to 
oxidation and thermal fatigue. 

In general, creep resistance is improved by 
an increase in grain size but improved fatigue 
strength, including thermal fatigue, is obtained 
with fine grains. Thus, the heat treatment 
should be selected with service conditions in 
mind. For many alloys, one heat treatment may 
be selected for optimum short-time strengths 
and another for long-time creep properties. 

The superalloys are available in billets, bars, 
forgings, plate, sheet, strip and castings, 
although most alloys are not available in all 
forms. Properties of the important superalloys 
used today are given in the M-P Fact Sheets 
which accompany this article. 


Iron-Base Alloys 


The term “iron-base” is used to include three 
types of alloys: (a) The modified stainless type 
strengthened by adding carbide-forming ele- 
ments, such as molybdenum, tungsten, colum- 
bium, and titanium; (b) heat-treatable or pre- 
cipitation-hardening alloys; and (c) the more 
complex Fe-Cr-Ni-Co alloys. 

Alloys of the first type, represented by 16-25-6 
and 19-9DL, are not substantially hardened or 
strengthened by heat treatment and have been 
used principally in the “hot-cold ‘worked” or 
“warm worked” condition. Final finishing at 
1200 to 1500” F. with a reduction of from 20 to 
40%, followed by stress relieving at 1200 to 
1350° F., yields the optimum properties for 
service below 1300" F. Better creep and rup- 
ture propertics for long-time service above 
1300° F. are obtained by a solution and aging 


treatment. 
Alloys of the second type, such as A-286, 


of Alloy 
HS-21 


Combustion Shell of Hastelloy X 


Astroloy F orging 


Large 
Conical Shaft 
of René 41 


Nozzle Vane 


 & 
. ie 
Forging a Turbine Shaft of A-286 
\ % 
4 & 


Nominal Chemical Composition 


Alloy - Mn | Si | Cr} NM Co Mo W Cb T Al Fe Other 
G-157 0.06 | 125 | 040 | | Bal 15 15 | 20 | 075 | 
J-1500, M-252 0.15 0.5 0.5 20 Bal 10 10 3.0 1.0 - 
GE-B-129(c) 0.06 0.4 0.4 5 Bal 15 2 | 60 | 4 0.58 
M-600 0.08 19 55.5 ] a oe 13 ~ 
1-1360(c) 0.10 | 10 /0.5 5 Z - | 6.0 45 0.3B 
DCM 0.08* 0.10*; 0.15 | 15 Bal 5.25 35 | 46 | 50 0.08 B 
Rene 41 | 0.09 - 19 Bal 1] 10 31 iS 0.01 B 
Astroloy 0.06 15 Bal 5 5.25 3.5 44 0.03 B 
GMR-235(c) 0.15 0.25* | 0.60*) 15.5 Bal 5.25 2.0 3.0 10 0.06 B 
GMR-235D(c) 0.15 0.10* 0.30* | 15.5 Bal 5.0 25 x th 45 0.05 B 
Hastelloy B 0.10 0.8 0.7 0.6 Bal 2.5% | 2 5 0.30 V 
Hastelloy C 0.07 0.8 0.7 16 Bal 2.5* 17 4 5 
Hastelloy Dic) 0.12 10 90 Bal 2.5% | l 3.0 Cu 
Hastelloy N | 0.06 0.8* 0.5* ] Bal 0.5* | 16.5 5* 0.01 B 
Hastelloy R-235 0.15 15.5 Bal 2.5% 55 2.5 2.0 10 
Hastelloy W 0.12* 1.0* 1.0% 50 Bal 2.5* 24.5 33 0.6 V" 
Hastelloy X 0.10 0.5 0.5 22 Bal. 3 9 0.6 18.5 
Inconel 0.04 0.20 0.20 158 "60 7.20 
(Inconel Alloy 600) 
Inconel “M 0.04 Be 0.12 IF 71.0 3.0 7.20 
(Inconel Alloy 721) 
Inconel “W’ 0.04 0.55 0.2 15.0 75.0 240 | 06 6.50 
(Inconel Alloy 722) 
Inconel “X” 0.04 0.70 0.40 15.0 73.0 0.85 2.50 0.80 6.75 
(Inconel Alloy X-750) 
Inconel “X 550 0.04 0.70 0.30 15.0 12.5 1.00 2.50 1.20 6.75 
(Inconel Alloy 751) 
Inconel Alloy 700| 0.12 0.10 0.30 | 150 46.0 28.5 3.75 2.20 3.00 0.70 
Inconel Alloy 702} 0.04 0.05 0.20 | 15.6 79.5 0.70 3.40 0.35 
Inconel Alloy 713C, 0.12 0.10 0.30 11.5 14.0 45 2.0 0.6 6.0 1.0 
(Inconel Alloy 713) (c) 
Inconel Alloy 718 | 0.04 0.20 0.20 | 19 52.5 3.0 52 0.8 0.6 18 
Waspaloy | 0.07 0.7 04 | 19 Bal 14 43 3.0 1.3 ] 0.006 B 
Waspaloy Mod. | 0.05 - | 19 Bal 11.5 7 25 1.2 l 
Udimet 500 0.08 0.75* | 0.75* | 19 Bal 19.5 40 29 2.9 4* 0.01 B 
Udimet 520 0.05 19 Bal 12 6 1.0 3.0 2.0 0.005 B 
Udimet 700 0.15* | 15 Bal 18.5 5.2 3.5 4.25 1* 0.18 
Unitemp AF1753| 0.24 0.05 0.10 | 16.25 Bal 1.2 1.6 8.4 3.2 19 9.5 0.008 6 
0.06 Zr 
| 0.05 B 
t 0.10 
Nicrotung(c) 0.10 12 Bal 10 8 4 4 0.05 2r 
0.07 B 
TRW 1800(c) 0.09 | 13 Bal g 15 0.6 6.0 0.07 Zr 
1.0 V 
IN-100, PDRL 0.18 10 | Bal. | 15 3 5 55 10* | 0.0158 
100(c) | 0.05 Zr 


| 


*Maximum 
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+For rupture in 100 and 120 hr. 


(c) Denotes cast alloy 
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Characteristic Rupture Strengths, 1000 Psi.+ 


1200° F. 


1500° F. 1800° F. 


100 Hr. 1000 Hr 


100 Hr. 1000 Hr.} 100 Hr. 1000 Hr 


Typical Applications 


10.5 
23 
29 
17 
273 | 94 48 

| 20 11.5 


Sheet alloy 

Gas turbine buckets, parts, sheet 

High-temperature structural parts 

High-temperature structural parts 

High-temperature structural parts 

Aircraft gas turbine blades, parts 

Aircraft gas turbine parts, sheet, 
bolting 

Jet engine components, forgings 
castings 

Jet engine parts 

Jet engine parts 

Corrosion-resistant alloy. Service 
under oxidizing conditions 
limited to 1400° F 

Engine parts, collector rings, 
combustion chambers 

Corrosion-resistant alloy 

Resistant to hot fluoride salts 

Gas turbine and jet engine parts 
sheet 

Jet engine turbine rings: joining 
dissimilar metals 

Jet engine parts, good oxidation 
resistance 

Combustion liners, manifolds, good 
Oxidation resistance 

Valves for aircraft engines 


Sheet metal components, after 
burners 

Jet engine and structural parts 
bolting 

Jet engine and structural parts 
bolting 

Gas turbine parts 

Excellent oxidation resistance 
to 2400° F. 

Jet engine blades, parts 


High-temperature structural parts 

Jet engine blades, parts 

Jet engine blades, parts 

Gas turbine parts, sheet, bolting 

Properties equal to Udimet 500; 
improved workability 

Jet engine parts 


Gas turbine components, buckets 
wheels, fasteners, rings and 
spacers 


High-strength parts 


Turbine blades 


Turbine blades 
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Discaloy and Incoloy 901, are 
hardened significantly by heat 
treatment. A distinct advan- 
tage of precipitation hard- 
ening over warm working is 
that higher temperatures per- 
mit easier hot working opera- 
tions, such as forging, and 
smaller equipment can be 
used. Also, since strengthen- 
ing is the result of heat treat- 
ment rather than warm work- 
ing, the properties are more 
uniform throughout the forg- 
ing, regardless of size or 
shape. 

Unitemp 212 alloy, made 
heat treatable by the addition 
of 4% Ti, is one of the strong- 
est iron-base alloys and is in- 
tended for service up to 1400° 
F. Small additions of colum- 
bium, boron, and zirconium 
retard overaging —a_ charac- 
teristic of alloys of this type. 

Alloys of the third type, 
such as N-155, S-590 and Re- 
fractaloy 26, have improved 
oxidation resistance and suit- 
able strength up to about 
1500° F. N-155 alloy is prob- 
ably the most tested of the 
superalloys and more data are 
available for it than for any 
other. 


Cobalt-Base Alloys 


Until recently the cobalt- 
base alloys were considered 
superior for service between 
1600 and perhaps up to 2000° 
F. because of their high 
strength and excellent oxida- 
tion resistance in this range. 
Today, however, the precipi- 
tation-hardenable_ nickel-base 
alloys have the strength ad- 
vantage in most of this tem- 
perature range, leaving the 
cobalt-base alloys the advan- 
tage only above a temperature 
of about 1900° F. 

In early jet engines, the pre- 
cision-cast, cobalt-base alloy 
No. 21, developed by Haynes 


87 


| - - | 145 
102 88 37 
- | 47 
28 
| 40.5 
110 102 | 45 29 «| «11 
50 | 
a j 
110 100 «56 39 «| «175 
50 36.5 | 165 10.4 
- 54 425 | 185 145 
a #29 | 2B 6.8 
85 63 40 30 8 5 
; 43 32 14.3 95 5.2 30 
23 145 8.0 56 28 18 mf 
: 55 35 17 10 "4 
74 54 19 11.5 32 
80 68 28 16 33 23 
34 21 33 
100 87 43 30 6.0 3.4 
101 92 68 47 20 15 
100 85 
om 110 86 40 25 6.5 
94 46 33 «12 
‘ 48 33 - | 
100 58 43 16 
68 45 | 22 13 
| 24 15 
15 59 | 25 
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Nominal Chemical Composition, ° 


Alloy C Mn a ae Ni Co N W Cb Ti Al Fe Other 
A-286 0.05 135 | 050 | 15 26 . 1.25 0 20 0.2 Bal. |03V 
0-979 0.05 0.60 15 45 40 40 3.0 1.0 Bal (0018 
17-14CuMo 0.12 075 | 050 | 159 14.1 25 0.45 | 0.25 Bal. (3.0 Cu 
Croloy 15-15N 0.15% | 20* | 0.75*| 16 15 1.55 1.40 1.05 Bal. (0.15 N* 
CSA 0.25 40 04 18 5 13 13 1.0 Bal - 
HNM 0.30 35 05 18.5 95 - Bal. 0.23 P 
Turbaloy 13 0.13 17 075 | 178 236 25 1.0 14 14 Bal . 
}-1300, M-308 0.08 14 33 40 6.5 20 0.25 | Bal. |0.25 Zr 
0.08 18 35 4.0 2.25 14 Bal 
Hastelloy F 0.05} 150 | 1.00*| 22 455 | 25* | 65 10* | 20 - Bal 
Incoloy 
(Incoloy Alloy 800)| 0.04 075 | 035 | 205 32 46.0 
Incoloy “T 
(Incoloy Alloy 801)| 0.04 0.75 | 035 | 205 32 10 445 | - 
Inco 804 
(Incoloy Alloy 804)! 0.06 085 | 050 | 293 42.6 0.40 0.25 | Bal - 
Incoloy Alloy 991 | 9-05 0.5 040 | 13 43 6.0 28 0.20 | 340 | - 
EME 0.10 05 0.7 19 12 32 12 Bal. | 0.15. N 
16-25-6 | 9.08" | 1.35 | 0.70 16 25 6.0 Bal. | 0.15 N 
19-9 W Mo | 0.10 050 | 060 | 19 g 040 | 13 0.44 | 0.40 Bal _ 
19-9 DI | 0.30 110 | 060 | 19 g 125 | 12 0.40 | 0.30 Bal . 

| 
19-9 DX | 0.30 1.00 | 055 | 192 g 150 | 12 0.55 Bal 
19-9 WX 0.11 20.5 8.5 0.50 | 1.55 1.30 | 0.20 Bal 
Unitemp 212 0.08 030 | 030 | 16 25 050 | 40 0.05 | Bal. |0.078B 
0.05 Zr 
Discaloy 0.04 0.9 08 13.5 26 2.75 175 | 0.10 Bal “ 
W 545 | 0.08 | 150 | 040 | 135 26 15 = 285 | 0.20 Bal. | 0.08 B 
Thermenol | 0.05 33 16 Bal. 0.3 V 
G-192 | 0.60 85 0.55 | 22 Bal. | 0.35 .N 
22-4-9 | 0.55 85 0.15 | 205 35 a Bal. |0.4.N 
HTX | 0.45 85 045 | 21 15 Bal. |0.2N 
0.23 P 
HTX(c) | 0.45 8.0 0.50 | 21 8 15 Bal. |0.2N 
| 0.22 P 
CMN | 0.65 | 120 25 Bal. | 0.45 N 
AF-71 030 | 18 0.30 | 125 3.0 Bal. |0.2.N 
08V 
0.28 
AF-183 | 0.30 | 18 030 | 125 3.0 Bal. |0.2N 
0.8 V 
16-15-6 | | 7.5 0.50 | 16 15 6.0 Bal. | 0.35 N 
$-590 | 0.43 125 | 040 | 205 | 20 20 40 4.0 40 Bal ‘ 
N-155 | 
Multimet 0.15 15 050 | 21 20 20 3.0 25 1.0 Bal. | 0.15 N 
K-42 B 0.03 07 0.7 18 42 22 21 02 Bal 
Refractaloy 26 0.03 08 1.0 18 38 20 3.2 2.6 0.2 Bal 
Refractaloy 70 0.04 20 03 | 20 21 30 8.0 42 Bal 
Haynes No.56 | 0.25 | 12 05 20 13 11 45 1.0 1.0 Bal 


*Maximum 


+For rupture in 100 and 1000 hr. 


(c) Denotes cast alloy 
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Characteristic Rupture Strengths, 1000 Psi.+ 


1200° F 


1350° F. 


1500° F 


Typical Applications 


100 Hr. 1000 Hr.| 100 Hr. 1000 Hr; 100 Hr. 1000 Hr 


AG 
50 39 
49 35 
65 54 
80 63 
52 
42 36 
32 23 
33 26.1 
= 15 
94 78 
44 35 
45 34 
4] 34 
44 37 
52.2 42 
100 88 
52 4] 
80 65 
19.3 10.0 
42 - 
45 36 
68 53 
5] 42 
65 55 
69 54 
53 38.5 
60 40 
50 38 
52 43 
66 40 
80 63 
56 42 
49 39 


35 21 
63 44 
26 20.5 
18 
26 
46 32 
4] 30 
26 17 
15.5 10.5 
20.1 14.7 
ll 
55 40 
20 13 
25 17 
28.5 - 
22 17 
63 42.5 
30 20 
49 37 
27 17 
28 18 
36 28 
42 33 
25 18 
40 26 
26.5 
30 20 
32 25 
30 23 
37 27 
5] 38 
33 24 
30 23 


13 
16.5 12 
10 
22 13 
14 g 
8.8 5.8 
10.8 7.0 
6.5 
24 15 
13.5 
13 8.6 
15 
15 8.5 
14 8 
19 
26 19 
13 10 
22 12 
10.5 - 
22 16 
20 16 
17.5 ll 
27 18 
19 15 
73 12 


| 


Gas turbine parts and bolting 

Use to 1500° F 

Use to 1500° F. 

Superheat tubing, steam piping 
High-temperature structural parts 
Low strategic alloy content 

Gas turbine parts 

Aircraft gas turbine parts, bolting 
Similar to above 

For strength and corrosion resistance 


Oxidation resistance similar to 
inconel but lower Ni and higher 
strength 

Slightly higher strength than Incoloy 


High-temperature structural parts 


Gas turbine rotor disks 

Steam turbine bolting and valve 
stems 

Gas turbine parts 

Use to 1350° F. 

Gas turbine parts and duct work 
high-temperature steam service 
oil refineries 

Same as above, alloy does not 
contain Cb 

For welding 19-9 DL and similar 
alloys 


High strength and corrosion 
resistance to 1400° F. 


Gas turbine parts and bolting 


| Gas turbine parts and bolting 


| Heat-resistant uses 


Exhaust valve service 
Steam valves, gas turbine parts 
High-temperature structural parts 


High-temperature structural parts 


Low strategic alloy content 
High-strength sheet parts up to 
1500° F. Low strategic alloy 

content 


| Low strategic alloy content 


| Gas turbine compressor parts 


Gas turbine parts 


Jet engine combustion chambers 
afterburners, tailpipes, gas 
turbine parts 

Gas and steam turbine parts, 
bolting 

Gas turbine parts, blading, bolting 


Gas turbine parts, bolting 


| Uses similar to N-155, tailpipes, 


heat treating fixtures 


Stellite Co., was an important 
bucket and nozzle vane alloy. 
However, it was soon replaced 
by the stronger Haynes No. 31 
alloy, and the forged cobalt- 
base alloy, S-816. The sheet 
and forging alloy L-605 (HS- 
25) is probably the most wide- 
ly used cobalt-base alloy to- 
day. It is employed in jet-en- 
gine afterburner parts, burn- 
er liners, nozzle diaphragm 
vanes, exhaust cone assem- 
blies and has been selected as 
the structural material for 
lower surface panels of the 
Dyna-Soar hypersonic vehicle 
(see Metal Progress, March 
1961, p. 90), where the maxi- 
mum temperature is expected 
to be 2000° F. 


Strengthening Mechanisms 


The cobalt-base alloys de- 
pend upon solid-solution 
hardening and often on a dis- 
persion of stable carbides for 
their strength at high-temper- 
atures. Molybdenum, colum- 
bium, tantalum, and particu- 
larly tungsten are the alloying 
elements most often employed 
with chromium and_ nickel 
in the cobalt-base alloys. A 
boron addition to S-816 has 
given the alloy improved 
high-temperature mechanical 
properties, while titanium is 
an important addition in the 
two wrought alloys J-1570 and 
J-1650. 

No satisfactory intermetallic 
system of precipitation hard- 
ening, comparable to the 
function of Ni;(Al, Ti) in 
nickel-base alloys, has been 
developed for cobalt-base ma- 
terials. Nor does vacuum 
melting of cobalt-base alloys 
improve mechanical proper- 
ties to the extent it does for 
the nickel-base superalloys. 


Nickel-Base Alloys 


Today, the nickel-base al- 
loys are the most important 
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Nominal Chemical Composition, % 
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Properties and Applications for Cobalt-Base Superalloys 


Alloy eS” Mn Si Cr Ni Co Mo W Cb Ti Al Fe | Other 
§-816 0.38 | 1.20 | 040 | 20 | 20 Bal. | 4 4 4 - - 4] = 
$-816(c) 0.38 | 120 | 040 | 20 | 20 Bal. | 4 4 4 
$-816 + B(c) 0.40 | 100 | 040 | 20 | 20 Bal. | 4 4 4 - 3 | 10B 
V-36 0.27 | 100 | 040 | 25 | 20 Bal. | 4 2 2 
AF-94 0.12 | 1.20 15 | 10 56 5 10 l 2 
WF-11,L605, 

HS-25 0.10 | 1.50 | 0.50 | 20 | 10 Bal. 15 
WF-31 0.15 | 142 | 042 | 20 | 10 Bal. | 26 | 107 | - 1.0 - } = | - 
J-1570 0.20} - 20 | 28 38 7 4.0 2 | 
J-1650 0.20 19 | 27 Bal. 12 20Ta| 38 | 0.02 B 

| 
X-40, HS-31(c) | 050 | 050 | 050 | 25 | 10 Bal. - 75 | - _ - 15 | 
X-63(c) 0.40 23 10 58 6 10 | - 
HS-30 

422-19(c) 045 | 060 | 060 | 2 | 15 Bal. | 6 « is - - | 10 
HS-36,L251(c) | 040 | 12 | 0.50 19 | 10 Bal. . 15 - “ ~ | 10 | 0038 
HE-1049(c) 040 | 08 | 08 26 | 10 Bal. 15 - | 3.0* | 0408 
Haynes No. 0.50 | 1.0* | 1.0* 20 - Bal. 12.7 - = - | - | 0058 

151(c) 
W152(c) 0.45 | 0.50*| 0.50*| 21 1.0* Bal. ll 2.0 ~ | 2 - 
Nivco-10 0.05*| 035 | 0.15 - | 225 | Bal. 18 0.22 | 10* | 112r 
HS-21(c) 0.25 | 0.60 | 060 | 27 3 Bal. | 5 1.0 = 


*Maximum. +For rupture in 100 and 1000 hr. 


of the superalloys in the 1500 to 1800° F. range. 
Usually included in this group are the alloys 
containing over 50% Ni. They derive their high- 
temperature strength from both precipitation 
hardening and solid-solution strengthening. Pre- 
cipitation hardening results from the addition of 
aluminum and titanium which form the com- 
pound Ni,(Al, Ti). Solid-solution strength- 
ening is accomplished by the addition of molyb- 
denum or tungsten. 

Cobalt, boron, and zirconium are important 
constituents of some of the nickel-base alloys. 
Cobalt raises the solvus temperature of alloys 
hardened by Ni;(Al, Ti) and thus elevates the 
useful working temperature. Boron and zir- 
conium are added in small controlled amounts 
to improve creep-rupture properties and hot 
workability. Excessive amounts of these ele- 
ments have a deleterious effect on creep-rupture 
properties and cause hot shortness by forming 
a low-melting phase at the grain boundaries. 


Improvements Due to Vacuum 


Vacuum melting has been responsible for 
much of the recent progress made in develop- 
ment of nickel-base alloys. By preventing the 
formation of aluminum and titanium oxides and 
nitrides, thus retaining all of the aluminum and 
titanium for precipitation as Ni,(Al, Ti), vacuum 
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(c) Denotes cast alloy 


processing has improved the properties of the 
alloys and has permitted an increase in the total 
aluminum and titanium contents from a maxi- 
mum of 3.7% in 1953 to 10.5% today. 

Vacuum melting permits closer control of 
alloying additions, particularly boron and zir- 
conium, and removes elements having low 
melting points, such as lead and bismuth, which 
have a particularly harmful effect on work- 
ability. The prevention of oxide and nitride 
formation is of less importance in the cobalt- 
base superalloys because the alloying elements 
that participate in carbide formation are rela- 
tively abundant. 

In most nickel-base superalloys, iron is held 
to a minimum because it reduces somewhat the 
solubility of aluminum and titanium in the solid- 
solution matrix. It also reduces oxidation re- 
sistance, particularly at high temperatures. 


Overaging Minimized 


A unique advantage which nickel-base alloys, 
hardened with aluminum and titanium, have 
over other age-hardening alloy systems is the 
reversibility of the hardening reaction. In other 
alloy systems, overheating causes overaging; the 
alloy must then be re-heat treated to achieve 
the original strength level. In _nickel-base 
alloys, overheating dissolves the Ni;(Al, Ti) pre- 
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haracteristic Rupture Strengths. 1000 Psi.+ 


200° F F.C 
Hr. 1000 Hr.} 100 Hr. 1900 100 Hr. 1000 Hr Typical Applications 
ticularly the cobalt system, 
46 25 18 Jet engine buckets, bolting. spring since cobalt enjoys a melting- 
‘ F. compared with nickel. Al- 
23 18 8.5 ) High-temperature sheet uses nn deel hich 
30 22 High-temperature bar alloy d whic 
are strengthened by means 
! 24 17 38 | Jet engine parts, good sheet alloy other than the precipétation 
| 25 18 | High-temperature sheet alloy of carbides or gamma prime, 
8 33 24 | Gas turbine parts Nig (Al, Ti), to achieve stabil- 
| «46 13 Jet engine parts; one of strongest ity at higher temperatures. 
wrought alloys Improved thermal - fatigue 
6 a1 28 22 13 18 | Gas turbine blades, part: resistance of high - strength 
54 15 243 177 8 Gas turbine blades, parts nickel-base alloys is needed 


for aircraft turbine blades. 


286 86217 | 10 7.1 | Gas turbine parts The transient thermal stresses 
| zs = 9 | 105 2 | Gas turbine parts developed in the blade during 
| 9 | Gas turbine parts starting or stopping of the en- 

73 68 | 37 33 | «14 11.5 | Gas turbine blades, vanes gine lead to failure by ther- 
| integrally cast turbine wheels mal - fatigue cracking after 
| 11.9 18 turbine running periods much shorter 
eam turbine blades, high damping than would be expected from 
2 2 d 13.5 | 9.4 7.0 Gas turbine blades, parts 
| the rupture strength of the 


cipitate, but as the temperature is lowered, 
re-precipitation occurs and most of the original 
strength of the alloy returns. As a result of 
this characteristic, these alloys can be heated 
above the aging temperature in service without 
any serious consequence, provided that the 
overheating is neither repetitious nor severe 
enough to dissolve carbides which will re- 
precipitate in the grain boundaries to produce 
a brittle condition. 

With strong nickel-base sheet alloys, such as 
René 41, where good formability and weldabil- 
ity are desired, extreme care should be exer- 
cised to prevent excessive solution of the MgC 
carbides during annealing treatments or in 
service. Since the McC particles begin to dis- 
solve between 2050 and 2100° F., the solution 
temperature for these alloys should be limited 
to 2050° F. 


The Future 


Advances in the development of improved 
superalloys have exceeded expectations, but 
needs for the future appear to be as pressing as 
ever. The iron and cobalt-base systems have not 
enjoyed the same rate of improvement in prop- 
erties as has the nickel-base system. Continued 
research can be expected to improve the 
strength of the iron and cobalt-base alloys, par- 
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alloys. 
Vacuum melting may be 
applied to alloy combinations 
that have been tried in the past but which 
were discarded as being too brittle. 


Simple Alloy Systems 


At temperatures above 1800°F., the long- 
time strength of complex alloys is not signifi- 
cantly greater than that of the simpler single- 
phase binary or ternary alloys. It is expected 
that simple alloys will be developed for use 
above 1800° F. which will take advantage of 
the combination of strength, formability, weld- 
ability, oxidation resistance, and thermal- 
fatigue resistance possessed by single-phase 
alloys. 

Dispersion hardening or strengthening de- 
serves another look because metal-metal oxide 
alloys produced by powder metallurgy tech- 
niques offer the possibility of higher melting 
temperatures. The refractory oxides employed 
for dispersion strengthening do not lower the 
melting point of the matrix as soluble alloving 
elements do. 

Superalloys are here to stay. No matter how 
high the service temperatures of the refractory 
metals may go, superalloys will be required as 
the major structural materials for applications 
between 1200 and 1800° F. They are likely to 
remain the only metallic materials for use up to 
2200° F. under oxidizing conditions. S$ 
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What Refractory Metal Shalll Use... 


for Ultrahigh- Temperature 


Applications (Above 1800 F.)? 


By D. J. MAYKUTH and H. R. OGDEN* 


Today, on a strength basis, molybdenum alloys appear superior 
to the other available refractory metal alloys up to about 2800° F. 


At higher temperatures the strength advantage shifts to 
tungsten alloys. The major advantages offered by columbium 
and tantalum alloys are superior forming and welding properties 


Topay, ONLY FOUR METALS QUALIFY for 
large-scale structural applications above 1800° F. 
These, in order of increasing melting point, are 
columbium (4379°F.), molybdenum (4730°F.), 
tantalum (5425° F.) and tungsten (6170° F.). 

About 1946, the need for more efficient ma- 
terials for jet engines led to the first serious 
development of high hot-strength metals and 
alloys outside of the class of iron, nickel, and 
cobalt-base alloys discussed in the previous 
article. Because of its high melting point and 
proven reserves, molybdenum was selected as 
the first member of the so-called “refractory- 
metal” class. In the mid-50s, the discovery 
of widespread columbium reserves and the 
promise of a lower price aroused the first real 
interest in this metal for high-temperature ap- 
plications. The resulting development pro- 
grams have led to spirited competition of 
columbium alloys with molybdenum alloys 
which is very much in evidence today. 


Hot Structures 


The advent of the missile age brought with 
it a demand for metallic components capable of 
withstanding flame temperatures over 4000° F. 
While molybdenum was the first natural 
choice, the trend toward higher temperatures 
has forced the development of production tech- 
niques for tungsten to the point where this metal 
has, for the first time outside of the electronics 
field, become important as a structural metal. 
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and improved low-temperature ductility. (A-general, I-66; EG--d37, 17-57) 


The position of tantalum as a high-tempera- 
ture metal has been quite uncertain. It is much 
less available than either columbium, molybde- 
num or tungsten and is almost as heavy as 
tungsten. Because of these factors and an an- 


ticipated overlap in the high-temperature 
properties of its alloys with those of columbium 
and molybdenum, interest in tantalum alloys 
has lagged behind these other materials. 


Behavior of the Unalloyed Metals 


As can be surmised from their relative posi- 
tions in the Periodic Chart, columbium and 
tantalum (both Group V metals) share many 
common characteristics as do molybdenum and 
tungsten (Group VI metals). Thus, while all 
four metals are reactive with oxygen, nitrogen, 
and carbon, columbium and tantalum show 
much greater solubilities for these impurities 
than do molybdenum and tungsten. The latter 
are inert to hydrogen while the former, in criti- 
cal temperature ranges, can absorb large 
amounts of hydrogen resulting in serious 
embrittlement. 

Molybdenum and tungsten both form vola- 

*Mr. Maykuth is assistant chief and Mr. Ogden 
is chief, Nonferrous Metallurgy Div., Battelle Me- 
morial Institute, Columbus, Ohio. The editors 
acknowledge the assistance of the following who 
provided the illustrations for this article: Climax 
Molybdenum Co., Marquardt Corp., New England 
Valve Corp., Oregon Metallurgical Corp., Superior 
Tube Co., Wyman-Gordon Co. 
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tile oxides at relatively low homologous tem- 
peratures. While the oxides of columbium and 
tantalum are quite stable, they are not protective 
at elevated temperature. As a result, all four 
metals oxidize severely when heated in air 
above 1200° F., and protective coatings must be 
employed for effective performance in oxidizing 
environments. 

Both columbium and tantalum show a high 
degree of low-temperature ductility. Tantalum 
is superior in this respect since it remains duc- 
tile at liquid-hydrogen temperature ( —423° F.). 
Columbium undergoes a — from ductile 


to brittle behavior around —325’ F. The tran- Welded Combustion Chamber and 
sition temperatures of pha and tung- Nozzle of 0.5% Ti Molybdenum Alloy 


sten are more sensitive to metal purity and 
processing variables and occur at appreciably 
higher levels (—50° F. to 100° F. for molybde- 
num and 350° F. to 850° F. for tungsten). 
Unlike columbium and tantalum, optimum 
low-temperature ductility in molybdenum and 
tungsten is achieved when these metals are in 
the wrought condition. Recrystallization of 
molybdenum or tungsten results in a marked 
increase in their transition temperature. This 
has great practical significance for molybdenum, 
since the room-temperature ductility normally 
shown by this metal in the wrought form can 
be seriously reduced or lost upon recrystalliza- Valve of Molybdenum 
tion. Consequently, for applications in which 
optimum ductility at low temperatures must be 
retained, neither molybdenum nor tungsten 
should be heated to temperatures at which re- 
crystallization will occur. The _ recrystalliza- 
tion temperatures of all four of these metals vary 
with both metal purity and the amount of prior 
cold work. Generally, however, these tempera- 
tures increase for columbium, molybdenum, 
tantalum and tungsten in the approximate order 
listed, as shown in the M-P Fact Sheet on p. 94. 


Molybdenum Tubing 


Methods for Fabrication 


Molybdenum and tungsten are appreciably 
more difficult to fabricate than columbium and 
tantalum. However, fabrication difficulties 
can be minimized with powder metallurgy 
techniques. Indeed, much molybdenum and 


all present wrought commercial forms of tung- Tungsten Part Machined 
sten are still being produced this way. From Centrifugal Casting 


Techniques have been developed for deep 
drawing and shear spinning all four refractory 
metals. These processes are more difficult for 
molybdenum and tungsten which require pre- 
heating above their transition temperatures to 
obtain the necessary degree of plasticity. 

All four metals can be joined satisfactorily 


Nozzle Forged 
From Tungsten 


Forging of 1% Zr-Cb Alloy 
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Fact Sheet 


Recrystall: | Ultimate Tensile Strength, 
‘« ization 1000 Psi 
Status | Density, | Temperature. | 
Alloy Nominal Alloy Content Jan. 1961 Lb. /Cu.In F 2000° F 
Columbium and Columbium-Base Alloys 
100Cb | 0.036 0, 0.019 N. 0.024 C Commercial 0.31 1785-2100 | 10.1 
FS-80 | 0.75 Zr Commercial 0.311 2200 -20 
FS-82 | 33 Ta, 0.75 Zr Commercial 0.37! 2200 30 
Cb-65 | 7 Ti, 0.8 Zr, 0.11 0, 0.02 N, 0.075 C Pilot production 29 23 
Cb-74(752) | 10 W, 52Zr, 0.12 0, 0.02 N, 0.03 C Pilot production 03 2600 ~2800 52 
ts F-48 15 W, 5 Mo, 1 Zr, 0.1 C Pilot production 0.34 2800 65 50 
z F.50 15 W. 5 Mo, 5 Ti, 1 Zr, 0.05 C Pilot production 0.3 2500 50 35 
0-31 | 10 Mo, 10 Ti, 0.05 0, 0.07 N, 0.06 C Pilot production 0.29: 2200 30 27 i ; 
4) | 20 W, 10 Ti, 6 Mo Pilot production 0.32 2500 56 49 ' 
Cb-Ta-W-Z: 24 Ta, 10 W, 1 Zr Pilot production 0.38 2550 68 38 
C-103 | 10 Hf, 1 Ti, 0.5 Zr Pilot production 0.32 2200 26 . 


2000° F. 2200° F 2400 


Molybdenum and Molybdenum-Base Alloys 


100Mo 0.01-0.03 C Commercial 0.369 2100-2200 | 44 
Mo-0.5Ti 0.5 Ti, 0.02—0.05 C Commercial 0.368 2450 57 37 19 
TZC 1.25 Ti, 0.15 Zr, 0.15 C | Pilot production 0.362+ | 2800-2900 | 58 54 39 
TZM 0.5 Ti, 0.08 Zr, 0.02—0.08 C | Pilot production 0.368+ | 2600-2900 | 78 65 4 
Mo-0.052r 0.054 Zr, 0.024 C | Advanced experimenta 0.369+ 2450 70 

Mo-0.5Zr 0.5 Zr, 0.02 C | — Pilot production 0.368+ | 2650-2800 60 46 ] 
Mo-25W 25 W, 0.11 Zr, 0.05 C | Advanced experimental! 0.42+ 2550 90 82 
Mod. TZC 1.27 Ti, 0.29 Zr, 0.3 C Experimental 0.362+ 3200 80 71 ] 
Mo-1.5Cb 1.5 Cb, 0.25 C Experimental 0.368+ 2600 88 17 64 


| 


Tungsten and Tungsten-Base Alloys _.2500° F_3000° 3500" F_ 4000 


100W 0.020.005 0, 0.0015—0.004 N, Commercial 0.697 2200-3000 50 20 10 6.5 

0.0004—0.005 C 
W-1ThO 1 ThO Semicommercial 0.690+ | 48.5 37 28 14 
W-2ThO 2 Tho. - Semicommercia 0.683+ - } 35.5 29.5 26.5 17.5 
W-10Mo 10 Mo Experimental 640+ - | 44 28 1] 
W-15Mo 15 Mo | Advanced experimenta 0.6154 38.5 25 13.5 
W-25Mo 25 Mo Experimental 0.570+ | 46 30 8 
W-0.38TaC 0.38 TaC | Advanced experimental | 0.696+ 915 31 - 

Tantalum and Tantalum-Base Alloys 42200 
100Ta | 0.004 0, 0.003 N, 0.004 C Commercial 0.600 + 2200-2400 | 10 7 4 
Ta-10W 10 W, 0.0045 0, 0.0015 N,0.001C | Commercial 0.607 2730 | 67 22 17 9 
Ta-1OHf-SW 10 Hf, 5 W | Advanced experimental | 0.589 2730 | 63 40 3] 20 
Ta-30Cb-7.5V. | 30 Cb, 7.5 V | Advanced experimental | 0.42¢ 2370 (60 40 27 10 
*All materials were tested in wrought or stress-relief-annealed condition except 100Cb and all tantalum alloys which were 


recrystallized. Ta-10W was tested in as-wrought condition 
+Calculated values 


using mechanical fasteners, brazing, and weld- Also, there is a strong tendency for molybdenum 
ing by resistance, fusion, or electron beam and tungsten welds to crack, especially when 
methods. Good ductility is retained in fusion- joining heavy sections. 

welded joints of columbium and tantalum. In At 2000° F. or greater, the strengths of colum- 
tungsten and molybdenum, the structure of the bium, tantalum, molybdenum and tungsten in- 
fusion weld is coarse grained and usually causes crease in the approximate order listed as shown 
a marked increase in transition temperature. by data in the M-P Fact Sheet. Even at 
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Rupture Strength, 1000 Psi.* 


2000° F. 2200° F. 

10 Hr. 100 Hr. 10 Hr. 

44 3.1 

- 19 
25 18 
35 - 18.5 
42 35 24 
27 20 16 
16 ll 
23 18 12 
24 

100-Hr. 


2000° F. 2200° F. 2400° F. 


34 18 10 


40 31 21 
50 
4] 20.5 10.5 
4] 26 10 
43 33 12.3 
32.7 
5] 35 iz3 
10 Hr 100 Hr. 
mp., Stress, Temp.. Stress 


1000 Psi. 1000 Psi 


Retractory metals, in general, are not considered 
tor eryogenic applications since there are other 
metals that have excelent strength-ductility combi- 
nations at low temperature. However, when a 
combination of toughness at low temperature with 
strength at high temperature is required, tanta- 
lum alloys may be useful. The development of tan- 
talum-base alloys for this purpose is in its early 
stage and new alloys can be expected in the future. 
Progress in this area will be reported in next 
month’s Metal Progress in an article by H. R. 
Ogden, chief, Nonferrous Metallurgy Div., Battelle 
Memorial Institute, and I. Perlmutter, Directorate 
of Materials and Processes, Aeronautical Systems 
Div., Air Force Systems Command 
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2000° F., however, the strengths of pure colum- 
bium and tantalum are too low to merit consid- 
eration for most load-bearing applications. All 
four metals can be strain hardened appreciably 
through cold working. However, these strength- 
ening effects for columbium, tantalum, and 
molybdenum are lost through recrystallization 
on heating to 2400° F. 

The strength of each of these metals is also 
sensitive to impurity content. This is especial- 
ly true of columbium and tantalum with regard 
to oxygen which can vary widely as a result 
of variations in processing the raw materials or 
through absorption in testing. Small amounts 
of oxygen, carbon, or nitrogen can have signifi- 
cant strengthening effects. Further, interac- 
tions of these impurities with intentional or 
unintentional metallic additions can exert pro- 
found effects in increasing the recrystallization 
temperature and strength properties by a mech- 
anism of dispersion hardening. Because of 
these factors, many of the data on high-temper- 
ature strength of the refractory metal alloys 
should be viewed with some reservations. 

Fairly intensive alloy studies are under way 
on all four refractory metals, and a considerably 
large number of promising alloys have already 
evolved. While few of these have as yet 
achieved commercial status, many have ad- 
vanced to at least the point of pilot production 
or advanced laboratory scale-up. A summary 
of the compositions, status, and properties of 
representative alloy candidates of each of these 
metals is given in the M-P Fact Sheet. 


Columbium Alloys 


Most columbium alloys under development 
today fall between the extremes of the low and 
high-strength alloys typified by the FS-80 and 
F-48 alloys, respectively. Generally, the low- 
strength alloys tend to retain the excellent fab- 
ricability, weldability, and low transition tem- 
perature of unalloyed columbium. These alloys 
rely chiefly on a low zirconium addition for 
strengthening through dispersion hardening. 
Some contain tantalum or hafnium to improve 
oxidation resistance as well as hot strength. 

Greater strengthening is achieved through 
use of tungsten or molybdenum (or both) as 
solid-solution strengtheners. The strongest co- 
lumbium alloys contain these as well as zir- 
conium, with or without intentional addition 
of carbon. As might be expected, these im- 
provements in strength are offset by increased 
difficulties in fabrication and a decrease in 
ductility at low temperatures, especially for 
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coarse-grained, recrystallized structures ob- 
tained in fusion welding. 


Molybdenum Alloys 


Until recently, emphasis in developing molyb- 
denum alloys centered almost exclusively on 
strain-hardened and dispersion-hardened alloys 
containing small additions of carbon with ti- 
tanium or zirconium (or both). Alloys of this 
type not only show substantially higher recrys- 
tallization temperatures than unalloyed molyb- 
denum, but have considerably improved 
strengths up to 2400° F. as well. Generally, the 
transition temperatures for these alloys are not 
substantially different from those of the un- 
alloyed metal. In fact, some of these alloys 
(Mo-0.5Ti-0.05C ) show a lower transition tem- 
perature after fusion welding. 

Within the past year, interest has been 
aroused in the solid-solution-strengthened Mo- 
25W alloy. Preliminary data for this alloy 
indicate that it has outstanding tensile strength 
up to 2400°F., although its stress-rupture 
strength at 2400° F. is not so great as that ob- 
tained in some of the dilute Mo-Ti-Zr-C alloys. 


Tantalum Alloys 


Development of tantalum alloys is considera- 
bly less advanced than for columbium and 
molybdenum. Nonetheless, the values listed in 
the M-P Fact Sheet for the commercial Ta-10W 
and two advanced experimental alloys give a 
good idea of the elevated-temperature tensile 
strengths* which can be expected. 

Comparisons of strength show that the Ta- 
1OHf-5W alloy has an advantage over both Ta- 
10W and Ta-30CB-7.5V through 300° F. Up 
to about 2900° F., however, strength-to-weight 
comparisons show that the advantage lies with 
Ta-30Cb-7.5V alloy due to its lower density. 

Each of these three alloys shows good ductil- 
ity at low temperatures as recrystallized, with 
Ta-30Cb-7.5V being outstanding. This alloy 
remains ductile in tension liquid nitrogen 
(—320° F.) and has an “OT” minimum bend 
radius at room temperature as fusion welded. 


Tungsten Alloys 


Due to difficulties in preparation and fabri- 
cation, the development of tungsten alloys lags 
that of the other refractory metals. Neverthe- 
less, a number of alloys have been developed 
which show promising strength at up to 3500° F. 
These include the thoriated grades and the 


*Stress-rupture properties on these allovs are not 
vet available. 
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W-0.38TaC alloy — which must be made using 
powder me tallurgy techniques — and the W -Mo 
binary alloys which can be arc melted. 

The peak in hot strength in the latter alloy 
system apparently occurs in the W-15Mo com- 
position which retains a strength advantage 
over unalloyed tungsten to about 4000° F. At 
higher temperatures, the only alloys shown to 
have a significant strength advantage are the 
W-1ThO, and W-2ThOs, alloys. Like unalloyed 
tungsten, the ductile-to-brittle transition tem- 
perature of each of these alloys lies well above 
room temperature. 

On the basis of strength comparisons alone, 
molybdenum alloys appear superior to the other 
“available” refractory metal alloys up to pos- 
sibly 2800°F. At higher temperatures, the 
strength advantage shifts to tungsten alloys. 
While molybdenum and tungsten are apprecia- 
bly less expensive than columbium and _tan- 
talum, the greater difficulties in fabricating 
tend to offset their cost advantages when in the 
form of alloyed mill shapes. 

The major advantages offered by columbium 
and tantalum alloys over those of molybdenum 
and tungsten lie with better formability, welda- 
bility and improved ductility at low tempera- 
tures. Because of their lower cost and density, 
columbium alloys will probably be favored over 
tantalum alloys up to about 2400° F. At higher 
temperatures, it appears likely that tantalum 
alloys will take over the competition with 
molybdenum and, perhaps, tungsten. 


The Future 


Further improvement in the hot strengths of 
all of the present generation of refractory metal 
alloys is certain to come. It is questionable, 
though, whether the relative order of strengths 
obtained in these four base metals through al- 
loying will be changed appreciably beyond 
that evidenced at present. Rather, greater em- 
phasis will be placed on improving fabricability, 
low-temperature ductility, and weldability. 

Several of the current columbium and tan- 
talum alloys show improved oxidation resistance 
over that of the unalloyed base metals. How- 
ever, none of these alloys can be regarded as 
oxidation resistant. Also, hopes of obtaining 
oxidation-resistant alloys which are workable 
and have high strength in either a columbium, 
tantalum, molybdenum, or tungsten base are 
practically nonexistant. Hence, protective coat- 
ings are necessary to permit any of these alloys 
to perform satisfactorily at high temperature in 
an oxidizing atmosphere. 
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These “geysers” actually consist of steam rocketing up from 
deep in the ground. From this well area, operated by Magma 


¢ 


ucted by pipe- 


line to The Geysers Power Plant a quarter-mile away. 


Now...electric power from geysers! 


Nickel in stainless steel helps make possible America’s first geothermal power plant. 


Here’s a power plant under construc- 
tion in California that will produce 
enough electricity for a town of 
50,000 people—all from the steam of 
geysers. 

To withstand the continuous attack 
of this highly corrosive steam at 
The Geysers Power Plant, Pacific 
Gas and Electric Company selected 
stainless steel with nickel for all 
points where condensed steam con- 
tacts metal. 

With nickel in it, stainless steel is 
more than a match for this corrosive 
steam. This ability plays a key role 
in turning out power every day of the 
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year, with virtually no maintenance 
in a plant designed for unattended 
operation. 

Nickel helps metals and alloys 
withstand the severest conditions. 
Nickel-containing metals safely hold 
liquid oxygen at a sub-zero cold that 
shatters many materials. America’s 
first nuclear-powered merchant ship 
uses alloys with nickel in them to con- 
tain the tremendous pressures and 
corrosive conditions in its power 


plant. And an alloy with nickel in it 
will enable the famous X-15 rocket 
ship to make the hot ride home from 
space without burning up. 

Does your company have problems 
of these kinds in a product or a proc- 
ess? Why not write to us about them. 
Perhaps nickel or one of its alloys 
can help you. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street aneo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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Diameter of Round With Same 
Quench Location in Round As-Quenched Hordness 
Mild Surface 3.8 
Water % Radius From Center 1.1 20 29 38 43 538 6.7 
Center OF t2 14 20 24 28 32 
Mild Surface 08 18 25 30 34 3.8 
¥% Radius From Center OS 13 28 24 28 32 
Oil Center 0.2 06 10 1.4 1.7 20 2.4 Hardenability 
Hardness Limits for | | | Bands for 
Specification Purposes 10 
| 041 and 10- 
‘J’ Distances, | 9414 0.35 to 0.45 C, 1.25 to 1.65 Mn, | an 45 
Sixteenths 65 0.15 to 0.30 Si+— 
of an In. Max.| Min. S.A.E. 
60 
1 60 | 53 
Recommended 
2 59 | 50 55 +— , 
25 | | Practice 
3 57 | 44 o 
> 50 
3.5 56 | 41 ~ 
4 55 | 38 & \ 
—+——J 
The hardenability bands for 
55 50 |29 | S40 carbon steels reproduced here 
6 48 |27 | 3 , are presented in the same man- 
6.5 46 | 26 35 Pa ee ner used for alloy steels and re- 
7 44 | 25 NX | ported in the S.A.E. Standard, 
10 33 | 22 ( Steels. These bands are appli- 
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TON merat QUENCHANTS 


A practical approach to quenching 


The three most common media used for 
quenching steel are water, brine and oil. 
Water offers rapid cooling, good hard- 
ness, penetration and low cost but may 
cause quench cracks. And it rates low in 
uniformity and size retention. Brine is 
even faster than water. It removes heat 
more uniformly but it, too, produces 
distortion and quench cracks. Oil is 
milder. It does not remove heat as fast 
as water or brine, but will minimize 
distortion and cracking. 

Generally speaking, plain carbon 
steels require a high cooling rate such as 
that of water or brine for maximum 
hardness. Most alloy steels require a 
lower quenching speed for hardening, 
with some high alloy steels, such as high- 
speed tool steel, hardening fully in air. 

Thus, the determination of what 
quench to use depends on the steel 
analysis, the quenching speed the 
specific steel requires, and the physical 
properties called for in the finished part. 
As a guide, here are six distinct quench- 
ants developed and produced by Hough- 
ton. They provide full coverage of the 
complete range of cooling speeds called 
for by various steel analyses and the 
physical properties required in the part: 


1. A high-speed oil that quickly 
quenches critical alloy steels for 
maximum hardness. 

2. A general purpose oii that provides 
adequate hardness, superior tough- 
ness and low distortion in a wide 
range of alloy steels. 

3. A martempering oil which can be 
maintained at 350°F. for long periods. 
For interrupted quenching to provide 
toughness and close size tolerance. 


4. Molten salt for interrupted quench- 
ing at temperatures up to 1000°F. .. . 
for martempering, austempering and 
patenting. 

5. An additive for water to minimize 
quench cracks. 


6. A concentrate for addition to tanks 
of 100° paraffine oil to improve 
stability and accelerate the quenching 
rate. 
If you are looking for improved physi- 
cals, better heat treat uniformity or 
fewer rejects, you can get experienced 
advice from Houghton—a leader in 
metallurgy for more than 50 years. 
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COMMON-SENSE 
QUENCHING HINTS 


1. Provide oil circulation so that all surfaces of parts to 
be quenched are exposed uniformly to the oil. Con- 
tainers should be baffled. Avoid nesting of work. 


When installing cooling coils, the water in the coils 
should run counter-flow to the oil to provide maxi- 
mum temperature differential. 


The quench tank should be equipped with a tight 
cover and a CO, extinguisher handy in case the oil 
should catch fire. 


Avoid use of baskets in quenching where possible. 
It is better to drop small parts on a screen which can 
be lifted out of the bath. Basket congestion hinders 
uniform cooling. 


Avoid temperature variation when water is the 
quenching medium. Hold to 20° maximum spread. 


Distortion and quench cracks can be minimized by 
removing the work from the quench before it 
reaches the temperature of the fluid. 


It is advisable to temper immediately after quench- 
ing to relieve stresses and avoid quench cracks. 


Wherever possible oil quenched work should be 
cleaned prior to tempering in salt to minimize salt 
contamination. 


Your nearby Houghton representative will gladly give you detailed information and 
help in analyzing your problem and recommending the quench best suited to your 
need. Call him or write for a copy of “Houghton on Quenching”. E. F. Houghton 
& Co., 303 W. Lehigh Ave., Philadelphia 33, Pa. 


Houghton 
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‘ATO 
happened’ 
Ainthe zinc die 
ing industry since 1925>. 
the year ZamMak was 
vented and patented by New. 
Jersey Zinc...die casting tech: 
chiques have vastly intproved) 
the Zamak alloys have been 
ceaselessly researched and \\ 
fected, undreamed of applications \y 
have been pioneered. But one | 
tor has remained consistent. 
When there’s a zinc die casting 
problem to be solved, be it metal- 
lurgical or production, you look to 
the company whose research and 
technical assistance programs are’ 
still unequalled—New Jersey 
‘¢e" the men who know there is’ 
r more to buying metal th 
specifications look for t 


symbol of the Horse Head/ 
for they know that Nap 


Jersey Zinc stands — 
behind it, 


THE NEW JERSEY ZINC Co. 


160 FRONT STREET + NEW YORK 38, N. Y. 
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What Metal Shall | Use 


for Die Castings? 


Of the major die casting alloys, 
those of aluminum are strongest and have 
the highest thermal and electrical conductivity. 


Magnesium alloys are lightest; zinc alloys are toughest 


and have the lowest melting point 

— which contributes to their good casting 
characteristics. Copper alloys are strong 
and corrosion resistant, but are relatively 
difficult to cast. (E13; Al, Mg, Zn, Cu) 


Seecrion OF THE BEST ALLOY for die casting in a 
specific application depends upon satisfying property re- 
quirements for the finished casting at the lowest over-all 
cost. It should be realized that the as-cast cost per piece 
is often quite different from the total cost of the finished 
part. Machining and finishing costs frequently equal or 
exceed the cost of the basic casting. Also, original die 
cost and die life vary widely and have a considerable 
influence on machining and finishing operations. 

In comparing the three major die casting alloys, those 
of aluminum have the highest electrical and thermal con- 
ductivity, and magnesium and aluminum alloys are 
lighter than zinc alloys. Zinc has the highest impact 
strength, ductility, and hardness. Most of the aluminum 
alloys are as strong or stronger than the zinc alloys, but 
zinc possesses the lowest melting point — a factor which 
has a favorable influence on melting costs, production 
rates, and die life. 


Zine Alloys 


Zinc die castings can be produced with high accuracy, 
smooth surfaces, and in a great variety of intricate shapes. 
In many instances, very small, complex parts can be 
produced at lower cost than when screw machines are 
used. 

Generally, all three zinc alloys in the M-P Fact Sheet 


The editors wish to acknowledge the assistance of the 
following in preparing this report: Aluminum Co. of America, 
American Smelting & Refining Co., Apex Smelting Co., Dow 
Chemical Co., New Jersey Zinc Co., Newton-New Haven Co. 
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Die Cast Magnesium Housing for 
A.C.-D.C. Converter in Aircraft 


Aluminum Die Cast- 
ings for Traffic Signal 


Intricate Aluminum Die 
Castings for Movie Camera 


Vacuum Cleaner Part 
Die Cast of Magnesium 


Zinc Dash Console 
for 1961 Oldsmobile 


y 


Sheet 


Die Casting Alloys of Aluminum, Zinc, Magnesium and Copper 


Typical ‘Mechanical Properties 


Alloy Designations Composition Strength 
ASTM | SAE Commercial | Tensile Yield | Shear Fatigues 
SC84A or Bt | 306 380 3.0-4.0 Cu; 1.3 or 2.0 Fe; 7.5-9.5 Si; 0.50 Mn; 0.10 Mg; | A:47,000 | 23,000 | 27,000 | 20,000 


308 3.0 Zn; 0.50 Ni; 0.35 Sn; other 0.50 B:46,000 | 23,000 | 28,000 | 20,000 


0.6 Cu; 1.3 or 2.0 Fe; 11.0-13.0 Si; 0.35 Mn; 0.10 Mg; | A:42,000 | 19,000 | 25,000 | 19,000 
0.50 Zn; 0.50 Ni; 0.15 Sn; other 0.25 | B:43,000 | 21,000 | 25,000 19,000 


SG1O0A or Bt 309 360 0.6 Cu: 1.3 or 2.0 Fe; 9.0-10.0 Si; 0.35 Mn; 0.40-0.6 Mg; | A:46,000 | 24,000 | 26,000 | 18,000 
0.50 Zn; 0.50 Ni; 0.15 Sn; other 0.25 | B:44,000 | 25,000 | 28,000 20,000 
18A 218 0.25 Cu; 1.8 Fe; 0.35 Si; 0.35 Mn; 7.5-8.5 Mg | 45,000 | 28,000 | 29,000 | 20,000 


0.15 Zn; 0.15 Ni; 0.15 Sn; other 0.25 


0.6 Cu; 2.0 Fe; 4.5-6.0 Si; 0.35 Mn: 0.10 Mg 33,000 | 14,000 | 19,000 | 17,000 


0.50 Zn; 0.50 Ni; 0.15 Sn; other 0.25 
3.0-4.5 Cu: 1.3 Fe; 10.5-12.0 Si; 0.50 
1.0 Zn; 0.50 Ni: 0.35 Sn: other 0.50 
3.5-4.3 Al; 0.25 Cu; 0.03-0.08 Mg: 0.10 Fe 41,000 | 31,000 7,000 

0.007 Pb; 0.005 Cd: 0.005 Sn 
3.5-4.3 Al: 0.75-1.25 Cu; 0.03-0.08 Mg: 0.10 Fe 47.000 38.000 8 000 
0.007 Pb: 0.005 Cd: 0.005 Sn 


24,000 | 29,000 20,000 


Mn 48,000 


0.10 Mg 


3.5-4.3 Al; 0.25 Cu; 0.005-0.02 Mg; 0.075 Fe 42.000 


0.003 Pb: 0.002 Cd: 0.001 Sn; 0.005-0.02 N 


AZ9IB 501A 8.3-9.7 Al; 0.13 min. Mn; 0.35-1.0 Zn 34,000 | 23.000 20.000 14,000 
0.50 Si: 0.35 Cu; 0.01 Ni; other 0.30 


1.50 Pb; 1.50 Sn; 0.25 Mn 55,000 | 30,000 


57.0 min. Cu; 0.25 Si 
0.25 Al; 0.25 Fe: 30.0 min. Zn: other 0.50 | 
Z7S331A B 63.0-67.0 Cu; 0.75-1.25 Si; 0.25 Pb: 0.25 Sn 65,000 | 35,000 


0.15 Mn; 0.15 Al; 0.15 Fe; other 0.50: bal. Zn | 
’S144A ( | 80.0-83.0 Cu; 3.75-4.25 Si; 0.15 Pb; 0.25 Sn; 0.15 Mn 90.000 | 50,000 


| | 0.15 Al; 0.15 Fe: 0.01 Mg: other 0.25 bal Zn 


*Single values represent maximums except as noted. ASTM limits are shown Sif we ceil limits may differ in minor respect 
{1.3% Fe for “A” modification: 2.0% Fe for “B’ (note mechanical property variations) 


+5 x 10° cycles for aluminum and magnesium: | x 10° cycles for zin¢ 


are interchangeable for most applications. In many applications, zine die castings are 
Alloy AC41A (No. 5) is somewhat harder and used without any applied surface finish or treat- 
stronger than AG40A (No. 3), has slightly bet- ment. However, there are a variety of methods 
ter castability, but is less stable dimension- — including the “Cronak” conversion coating 
ally and loses impact strength faster at ele- process — which can be used to improve corro- 

4 vated temperature. Claims for the newest sion resistance or to provide a good base for 

; zine die casting alloy, No. 7, are improved sur- paint. Electroplating with copper, nickel, 
face finish, dimensional stability, and higher chromium, brass, gold and silver is also em- 
production rates. This is obtained by reducing ployed. In plating, a standard copper-nickel 
the magnesium and impurity content of the chromium plate provides the best combina- 
alloy (to minimize hot shortness) and adding a tion of corrosion protection and improved 
small amount of nickel. appearance. 
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(Separately Cast Test Bars) 


T | Solidi- 


Charpy Elonga Brinell | _ fication 
Impact, | tion Hardness Range, 
Ft-Lb. | % (500 Kg.) | F Applications 


5 80 1070-950 General-purpose applications (parts for autos, appliances, business machines) where 
3.0 i 80 good castability and mechanical properties are required. Examples are transmission 
cases and clutch housings for automobiles; vacuum cleaner, food mixer, and washer 

components; and parts for hand tools, instruments, cameras and typewriters 


3.0 39 /0 1085-1060 | Large die castings with complex shapes and thin walls, such as automotive engine 
“ 3.0 z5 70 blocks and water-pump bodies. Also gas-meter bodies, instrument cases and other 
industrial parts requiring maximum corrosion resistance 


3.0 3.5 80 1105-1035 Intricate castings such as outboard motor parts, fire alarm boxes, and textile machinery 
‘ 3.0 eS 80 Corrosion resistance is good. 
7.0 5 80 1140-990 Applications requiring optimum combination of strength, ductility, corrosion resistance 


and finishing properties. Black anodized gun parts, stair treads, roller skates, and 
fittings for summer furniture. Castability is poor. 


8.0 g 65 1165-1060 | Cookware and other corrosion-resistant applications. This alloy has best ductility 


2.5 2.9 85 1060-950 Large, thin-walled castings of complex design. Alloy has excellent fluidity and is easy 
| to die cast 


43 10 82 728-717 Automotive: carburetors, fuel pumps, grilles, panels, brackets, trim and parts for 
speedometers, horns, heaters and air conditioners. 


48 ] 9] 727-717 Appliances: Parts for washers, dryers, oil burners, motors and kitchen equipment 
Parts for business and vending machines such as cams, gears, wheels, pulleys, brackets 
and levers. 

20 85 128-717 | Generally, these three alloys can be used for the same applications. A faster produc 


| tion rate is achieved using Alloy No. 7 and improved surface finish is claimed 


2.0 3 63 1105-875 Automotive: crankcases, clutch housings, fuel pumps, dash panels and fan spacers 
Components for cameras and projectors, electrical motors, business machines, chain 
Saws, vacuum Cleaners and typewriters 


1725-1675 


1650-1600 | Plumbing goods, valves, air and gas fittings, gears and bearings, electrical components 


| as well as general hardware and ornamental uses 


40 2( 170 1650-1600 


purpose alloy having good castability and me- 
chanical properties. It is also the least costly 


Aluminum Alloys 


Die casting alloys based on aluminum are of the aluminum group. The high-silicon alloy, 
light, easy to machine, and resistant to a wide $12A, has excellent castability (due to its supe- 
q range of corrosive environments. The alloys rior fluidity and freedem from hot shortness), is 
will take and hold a high polish, and anodic resistant to corrosion, and castings are pressure 
coatings can be applied to protect the surface tight. 
from wear and abrasion. For decorative Alloy SG100A provides somewhat better cor- 
effects, however, special alloys free of silicon rosion resistance than SC84A (along with equiv- 
and copper must be used. alent mechanical properties), but the cast 
The first two alloys in the M-P Fact Sheet surface is inferior and sometimes requires paint- 
are most widely used. Alloy SC84<A is a general ing. As far as alloy G8A is concerned, it has 
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the best combination of properties and finishing 
characteristics, but it is difficult to cast and is 
not utilized extensively. 

Although S5C is difficult to die cast, its good 
ductility is an advantage in assembly operations 
involving forming or upsetting. Alloy SC114A 
has excellent fluidity and is easy to die cast — 
ideal characteristics for the production of com- 
plex, thin-walled castings. 

The corrosion resistance of aluminum is such 
that die castings may be used with an as-cast 
surface in most instances. They may also be 
mechanically or chemically finished, painted, 
and to a limited extent electroplated to enhance 
the surface appearance. 


Versatile Magnesium Alloy 


Magnesium is the lightest of all the die cast- 
ing alloys. It is relatively easy to machine, and 
its good castability and high strength-to-weight 
ratio are other factors of interest to the design 
engineer and production man. 

The one die casting alloy, AZ91B, is a gen- 
eral-purpose magnesium alloy that possesses 
casting characteristics and mechanical proper- 
ties suitable for many applications. Most of 
the physical properties of the alloy are satis- 
factory over a wide temperature range, and 
extremely low temperatures have no adverse 
effects. The corrosion resistance of magnesium 
die castings is relatively low in moist or sea 
atmospheres; this means a chemical treatment 
such as a chromium pickle is usually required 
prior to the application of the priming coat. 
An important application for magnesium die 
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Fig. 1—Die Cast Magnesium 
Crankcase After 65,000 Miles 
Service. (Volkswagen-Dow) 


castings, where corrosion is a problem, is in 
crankcases for automobile engines. Figure 1 
illustrates the excellent condition of a Volks- 
wagen crankcase after 65,000 miles of service. 

Production rates possible with magnesium 
exceed those of aluminum and are comparable 
to zinc. Automatic feeding of molten magne- 
sium to cold-chamber machines by metering or 
vacuum systems permits casting at rates limited 
only by the cooling rate of the steel dies. With 
small castings, production rates up to 700 an 
hour have been achieved. 

Using standard engineering approaches, mag- 
nesium castings will weigh about 70% as much 
as aluminum and 35% as much as zinc for the 
same performance requirements. This weight 
saving is beneficial in several areas, including 
shipping costs. 


Copper Alloys 


While copper-base die castings offer excel- 
lent mechanical properties, they are more ex- 
pensive. Melting points of alloys are much 
higher, thus increasing die costs and reducing 
die life. The high pressures required in die 
casting copper alloys necessitate extensive 
hydraulic equipment on which maintenance 
is costly. 

Brass die castings are corrosion resistant, 
have good bearing properties, and can be 
soldered and plated. Rather small in size — 
about 5 Ib. is maximum — brass die castings 
require wider dimensional tolerances than 
alloys with lower melting points; the minimum 
section thickness is about 0.050 in. rs] 
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What Metal Use... 


for Bearings To Be Employed at 
Elevated Temperatures? 


By H. M. LAMPERT* 


In selecting materials for high-temperature bearings, engineers must consider 
the type of environment and the lubricant as well as the 

maximum temperature that the bearing is to withstand. As of today, 
bearings can be fabricated for use up to 1200° F., 

and higher temperatures are expected in the future. (T7d, 1-66; SGA-c) 


Because oF THE CONTINUING DEMAND for 
greater power and increased efficiency, operat- 
ing temperatures in all types of equipment have 
been constantly rising. This, in turn, has result- 
ed in ever more severe requirements for mate- 
rials used in parts which undergo sliding or 
rolling action such as gears, journals, rolling 
contact bearings and seals. 

The problem is complex, since materials gen- 
erally become chemically and metallurgically 
more active and mechanically less stable as 
temperatures increase; galling, seizure and pre- 
mature failure often result. As a further com- 
plication, selection of materials for such parts 
is not only a function of the thermal environ- 
ment, but of the chemical environment (lubri- 
cant), atmosphere (air, inert, vacuum), mechani- 
cal loading, and system requirements (thermal 
expansion, conductivity). 


Some Basic Concepts 


Each new application involving a different 
set of operating parameters stimulates a re- 
examination of the basic concepts of wear and 
friction. Most workers in the field today con- 


*Functional Engineer, Materials and Processes 
Engineering, Missile and Space Vehicle Dept., Gen- 
eral Electric Co., Philadelphia. 


Thrust Bearing Inner Race 
With Integral Gear (M50) 


Thrust Bearing 
Outer Race (M50) 


Roller Bearings (50) 
and Retainer (Iron- 
Silicon Bronze) 


Ball Bearings (M50) 
and Retainer (Tron- 
Silicon Bronze) 
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“py” | 
Material Composition, % Factor* Shaft Atmosphere} Fluid+ | Hardness 
Leaded bronze 80 Cu, 10 Sn, 10 Pb 350° F. 100,000 | Hardened stee! Air l 157 Bhn. 
lron-silicon bronze | 92.5 Cu, 3 Si, 3 Zn, 400 60,000 | Hardened stee| Air ] 130 
1.5 Fe 500 40,000 | Cr-plated stee| Air 2,3 
Beryllium copper | 96.9 Cu, 2.5 Co, 400 80,000 | Hardened steel Air | 100 
0.6 Be | 550 60,000 | Cr-plated steel Inert Za 
Silver plate 100 Ag | 400 40,000 | Hardened or Cr-plated Air 1 65 
600 30,000 | steel shafts can be Inert 23 
used at both tempera- 
tures 
Silver-lead plate 99.5 Ag, 0.5 Pb 450 45,000 | Hardened or Cr-plated Inert 2,3 100 
steel 
Palladium alloy 35 Pd, 30 Ag, 14 Cu, 450 40,000 | Hardened or Cr plated Inert 2 23 
10 Pt, 10 Au, 1 Zn steel 
Silver-palladium 90 Ag, 10 Pd 500 | 40,000 | Cr-plated steel Inert 2 67 
500 20,000 | Hardened steel Inert 2 
“S$” Monel 65 Ni, 27 Cu, 4 Si, 500 | 25,000 | Hardened stee! Air 1,3 320 
3 Fe, 1Mn 
Coin silver 90 Ag, 10 Cu 500 60,000 | Hardened Cr-piated steel | Inert 2 | 118 
550 40,000 | Cr-plated steel only Inert 3 
Silver-manganese 99.6 Ag, 0.2 Mg, 600 60,000 | Hardened or Cr-plated Inert 2,3 | 200 
nickel 0.2 Ni steel 
Silver-tungsten- 73 W, 25 Ag, 2C 650 80,000 Hardened steel Air or L223 173 
graphite inert 
Graphite-silver 90 C, 10 Ag 650 50,000 Hardened or Cr-plated Air or r23 
steel inert 
Graphite 100 C 800 50,000 Cr-plated steel Air or 73 
inert 


+Fluids: 


*The “PV” factor is equal to the load (in psi.) 
(1) Di-2- ethylhexyl sebacate ester; 
(2) Trimethylolpropane ester; 
(3) Hexa(2-ethyl butoxy)disiloxane: 


65 to 600° F.; 


x velocity (in ft. per min.). 
-65 to 300° F.; can be used with any metal 

65 to 400° F.; cannot be used with lead or magnesium 
cannot be used with lead. magnesium, copper or aluminum above 400° F. 


sider wear and friction to be basically a weld- 
ing phenomenon which is profoundly affected 


by chemical reactions on surfaces. 


Several 


factors must ve considered when developing, 
evaluating, and selecting materials for advanced 
applications. Among these are: 


* Metallurgical phase relationships — The 
less alloying tendency that exists between bear- 
ing and shaft materials (iron and silver, for in- 
stance) the less tendency there is for them to 
weld, gall and seize. 

* Crystal structures — A lamellar structure in 
a solid lubricant such as graphite or molyb- 
denum disulfide produces low frictional co- 


efficients. 


* Thermal properties— A good conductor 
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with a high heat capacity such as copper can 


carry heat away from the mating surfaces; this 
reduces the tendency to weld. 


* Chemical or surface properties — An alloy 
having a tendency to form an adherent film, 
such as silicon-iron bronze or “S” Monel in 
oxidizing atmospheres, restricts the area in 
which detrimental surface welding can occur. 


* Mechanical properties — Materials having 
low shear strengths such as lead and tin shear 
easily even when surface welding occurs; this 
is an advantage. 


Fluids Are Important 


The type of working fluid (lubricant) to be 
used has a profound effect on the selection of 
materials for bearings. As an added complica- 
tion in fluid selection, design and system re- 
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Characteristics and Applications 


Value rated on 0.030-in. coating on steel backing (bushing application) 


This material is widely used for bearing cages or separators 


Good for high-speed applications. 


“PY” values for silver and silver-lead coats are for 0.020 to 0.030-in 
plates on steel backing. Thinner coats carry higher loads 


Silver-lead alloys contain 0.5 to 2.0% Pb 


Palladium and silver-palladium alloys are used for contact points in 
relays and other electrical equipment 


“PV” ratings are for 0.050 to 0.060-in. coatings brazed to steel backs 


These alloys are used for bearing retainers and separators. Because it 
contains copper, “S’’ Monel cannot be used with fluids that attack 
copper. With 2 to 10% Ag added, these alloys have better machinability 
and frictional properties. 


This alloy can be hardened; it is useful for applications between those 
for silver and silver-tungsten sintered alloys 


Variations on standard electrical contact materials, these alloys consist 
of a porous mixture of tungsten, tungsten carbide. and graphite 


Used in high-speed, low-load, continuous contact applications (such as 
rotating shaft seals) mated with chromium-plated or nitrided parts 


quirements often place primary emphasis on 
such fluid properties as hydrolytic, thermal and 
shear stability, viscosity-temperature character- 
istics and bulk modulus. Under these circum- 
stances, lubricity, or lubricating power, may be 
a secondary consideration. 

Wider operating temperature ranges re- 
quire the use of synthetic fluids as opposed to 
petroleum-based lubricants. Three important 
lubricants, di-2-ethylhexyl sebacate ester, tri- 
3 methylolpropane ester, and hexa(2-ethyl bu- 
toxy) disiloxane are listed in the M-P Fact 
Sheet on this page. Aside from these, three 
others are in common use. These are: mineral 
oils (—40 to 700° F.), polyphenyl ethers (20 to 
800° F.), and liquid metals (0 to 1400°F.). As 
an example of the latter, an NaK eutectic can 
be used for lubrication at high temperatures. 
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Each of the first three liquids contain various 
additives to improve properties. In frictional 
applications, the one of primary interest is the 
EP, or extreme pressure, additive. Its function is 
to attack spots of incipient seizure (hot spots) 
chemically to form a protective film. 

Incidentally, many of the fluids, in particu- 
lar the first two listed, deteriorate with time to 
form acid products which may result in exces- 
sive corrosion. In line with this, it is important 
to remember that the working fluid can have 
a chemical effect on the bearing material 
selected. Consequently, preliminary corrosion 
tests are often needed. For these tests, metal 
disks are exposed for 72 hr. in test tubes con- 
taining the fluid and through which air or 
nitrogen is bubbled. The extent and nature of 
corrosive attack is determined, and, based on 
prior correlation with service tests, an arbitrary 
temperature limit is established. The Fact 
Sheet contains information on the limits of lead, 
copper, silver, steel, magnesium, aluminum, 
titanium, cast iron, and chromium based on 
bench and service tests. 


Applying the Right Alloy 


The application of materials to bearings is 
dependent on the nature of contact, the at- 
mosphere and environment, and the lubricant. 
From the standpoint of surface cooling and 
film repair, it is important to know whether 
bearing contact is intermittent or continuous. 
For example, a journal bearing normally oper- 
ates with the bearing in continuous contact 
and the shaft in intermittent contact. That is, 
as the shaft rotates, it presents a continuously 
changing surface to the same surface on the 
bearing. Conversely, a rotating shaft seal op- 
erates with both surfaces in continuous contact, 
and gears operate with both surfaces in inter- 
mittent contact. 

To obtain the results shown in the Fact Sheet, 
bench tests were run on a Hohman Model A-6 
test rig. In this machine, two rub shoes are 
force-loaded against a rotating test ring that is 
restrained by a strain-gage ring. The coefficient 
of friction can then be measured as a function 
of atmosphere, load, speed, temperature and 
fluid. Figure 1 shows some typical results ob- 
tained on leaded bronze operated as a bearing 
in a chlorinated silicone fluid. The upper curve 
in this figure is for straight cast material and the 
lower curve is for cast material on a steel back. 
Due to the thickness (Continued on p. 152) 
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What Tool Steel Shalll Use... 


for Applications in 


Structures and Components? 


Engineers are taking a closer look at tool steels for nontooling applications. 


Already used in aircraft structures, fasteners, bearings and wear parts, 
their wide range of properties — high hot hardness, strength, 
wear resistance, toughness — has made them valuable as 


primary engineering materials. 


Tue USE OF MODIFIED H1]1 Hot work die 
steel for structural parts in aircraft has drama- 
tized the growing importance of tool steels for 
structures and components. But there are many 
less glamorous applications where tool steels 
are solving tough problems outside their usual 
area of application. For example, you'll find 
tool steels being employed for bearings, in com- 
ponents for special printing machinery, in food 
and shredding machinery, and in wear parts. 
Tool steels have been employed in nontooling 
applications because one or more of the proper- 
ties which set them apart from the family of 
regular steels met a specific design requirement. 
No one steel possesses all of the special char- 
acteristics —high hardenability, very high 
strength at elevated temperature, toughness, 
excellent wear resistance, ability to air harden 
with a minimum of distortion, hot hardness and 
some stainless qualities — but a number exhibit 
combinations which make them highly useful 
as engineering materials. From the straight 
carbon, water-hardening steels, containing 
practically no alloying elements, to the very 
highly alloyed hot work and high speed steels, 
there is a wide range of steels designed to 
provide many combinations of properties. 


H11 for High Strength 


As an example, we can consider the out- 
standing characteristics of modified H11, a 5% 
Cr hot work tool steel (see the M-P Fact Sheet 
on p. 106). It achieves tensile strengths of 


220,000 to 310,000 psi. at room temperature, 
it is ductile (14 to 15% 


reduction in area can 
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(A-general; TS, SGB-s, 17-57) 


be expected at 280,000 to 300,000 psi. in large 
sections of consumable-electrode, vacuum-arc 
melted material), it is air hardenable and is 
stable after heat treatment. Maximum strength 
is attained through secondary hardening by 
tempering at 1000 to 1100°F. Because the 
secondary hardness phenomenon occurs at high 
tempering temperature, H11 retains its strength 
at elevated temperatures. Multiple tempering 
at 1000 to 1100° F. also permits maximum stress 
relief and bake out of hydrogen without loss 
of strength and leaves the microstructure essen- 
tially free of retained austenite. Consequently, 
there can be no stress-induced transformation 
of retained austenite to fresh, brittle marten- 
site, a disadvantage of low-alloy, ultrahigh 
strength steels. This is particularly important 
in parts subject to fatigue loads which fail 
quickly if transformations occur. 

Modified H11, like other tool steels, requires 
a considerably shorter heat treating cycle than 
high-temperature alloys, and, therefore, it offers 
savings in production costs for parts which must 
operate up to 1000° F. In addition, it is easier 
to fabricate, either hot or cold, than the precipi- 
tation-hardening alloys. 

Modified H11 is generally melted by the 
electric arc process which provides an entirely 
satisfactory product for many applications. 
But in the never-ending quest for higher 
strength-to-weight ratios with adequate duc- 
tility, aircraft and missile designers are now 
specifying consumable-electrode, vacuum-arc 
melted material although electric-arc melted 
H11 has proved satisfactory in many applica- 
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tions. When techniques in which the electrode 
is melted in a vacuum or under a protective 
flux (the Hopkins process) are used, less reduc- 
tion to obtain uniform properties is necessary 
during processing from ingot to billet. Fatigue 
strength of H11, the highest of any air-melted 
steel, is also improved. 

Like low-alloy steels, H11 does not have high 
resistance to corrosion and oxidation. For pro- 
tection, a number of surface coatings are avail- 
able for most operating requirements including 
marine environments. Various paints, enamels 
and organic finishes are used extensively. 
Either cadmium, nickel, or chromium may be 
deposited electrolytically from special low- 
hydrogen baths. For service up to 900 to 
1000° F., silicone-aluminum paint, nickel-zinc 
plating (A.M.S. 2417) or diffused nickel-cad- 
mium plating (A.M.S. 2416) are satisfactory. 
Other treatments include diffused aluminum 
coatings which protect H1l parts above 
1500° F., diffused chromium for resistance to 
corrosion and wear, and nitriding which pro- 
vides surface hardnesses as high as those of the 
aluminum nitriding steels. 


Where HII Is Used 


Some of the most recent applications for mod- 
ified H11 heat treated to strength levels above 
280,000 psi. are found in the A3J Vigilante, 
built by North American Aviation, Inc. This 
aircraft has 190 5% Cr steel parts in highly 
stressed locations such as the 14-ft. carry- 
through tail structure. To fabricate this sec- 
tion, closed-die forgings were welded together. 
These machined forgings have sections ranging 
from 1/16 to 5 in. thick and are air hardened 
from controlled-atmosphere furnaces with a 
minimum of distortion. They require little or 
no finish machining after heat treatment. 

Other critically stressed components fabri- 
cated from modified H11 for aircraft such as the 
B70 and B58 are landing gear, arresting and 
catapult gear, hydraulic components and elevon 
hinges. In some instances, the operating tem- 
peratures range from 640 to 800°F. Exten- 
sive testing has shown that the steel maintains 
strength, ductility, and a stable structure to 
1000° F. In addition, engineers at North 
American Aviation have reported that a notch 
strength of over 400,000 psi. (notch strength 
ratio, 1.4) is retained down to —140° F. with a 
relatively sharp notch (K=6.25). 

In the missile field, Pratt & Whitney Aircraft 
has successfully manufactured and tested full- 
scale rocket cases heat treated to a uniaxial 


Mandrel for Wire 
Stitcher (A6) 


H11 Aircraft Structure 


A4 Machine Part 


S2 Mower Blade 


H11 Fasteners 
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Present and Potential Applications 


| Fact Sheet 


Composition Outstanding Properties 


Type 


H11 0.40 C, 5.00 Cr, 0.50 V, 1.30 Mo Ductility and ultrahigh strength (to about Aircraft structurals, landing gear, fasteners, 
(modified) (typical analysis) 300,000 psi.). Stable up to 1000° F. Deep | missile cases, fuel injection nozzles, valves 
| air hardening. Low distortion in heat treat- | and inserts, springs for intermediate tem 
| ment. Freedom from retained austenite | peratures (to about 800° F.), machine too! 
: insures stability in hardened condition | spindles, nitrided gears and shafts 
; H13 0.35 C, 5.00 Cr, 1.00 V, 1.50 Mo, | Machines readily in hardened (Rc 42 to 46) | Machine tool components requiring strength 
and alloy sulfides | State if sulfides are added and rigidity 
H21 0.35 C, 3.50 Cr, 9.00 W | Fair wear resistance, high hot hardness up _— High-temperature springs 
to 1100° F. Good compressive strength, 
oil or air hardening | 
M50* 0.81 C, 0.25 Mn, 0.30 Si, 4.10 Cr Good wear resistance, high hot hardness | High-temperature springs, parts for hydrau , 
1.00 V, 4.25 Mo lic pumps, races and rollers for roller 


bearings, valves and inserts, ball bearings 


(typical analysis) 
Ml 0.80 C, 4.00 Cr, 1.00 V, 1.50 W, General-purpose high speed steels, each | High-temperature gears, bearings+ and 
8.00 Mo possessing high hot hardness, and good | springs; vanes, pistons, bodies for hydrau 


M2 0.80 C, 4.00 Cr, 2.00 V, 6.00 W, | wear resistance lic pumps; cams, food chopper blades 
5.00 Mo 
M10 0.85 C, 4.00 Cr, 2.00 V, 800 Mo | 
= Tl 0.70 C, 4.00 Cr, 1.00 V, 18.00 W 
M3 1.00 or 1.20 C, 4.00 Cr, 2.70 or Hot hardness and wear resistance superior Same uses as Tl, M1, M2, M10. Principal! 
3.00 V, 6.00 W, 5.00 Mo to those of Tl, Ml, M2, M10 | application has been in specialized high- 
M4 1.30 C, 4.00 Cr, 4.00 V, 5.50 W temperature bearingst 
4.50 Mo 
. 15 0.80 C, 4.00 Cr, 2.00 V, 18.00 W, 
8.00 Co 
115 1.50 C, 4.00 Cr, 5.00 V, 12.00 W 
5.00 Co 
A2 1.00 C, 5.00 Cr, 1.00 Mo Air hardening, very low distortion when | Fuel injection nozzles, plungers for diese! 
A4 1.00 C, 2.00 Mn, 1.00 Cr, 1.00 Mo heat treated. Wear resistance at room | fuel injection pumps, and cam followers 
Ab 0.70 C, 2.00 Mn, 1.00 Cr. 1.00 Mo temperature ranges from good to superior | profile bars and spindles, wear plates and 


depending on carbon and alloy content. | slideways; seam rollers, gages, brick mold 


q Al 2.25 C, 5.25 Cr, 4.75 V, 1.00 W Wear resistance generally improves (with | liners. Wear parts in machine tools; food 

(opt.), 1.00 Mo some sacrifice in impact strength) as car- | chopper and business machine parts, worm. 

A8 0.55 C, 0.30 Mn, 0.95 Si, 5.00 Cr bon content increases type pump rotors. Parts for hydraulic sys 
1.20 W, 1.20 Mo tems 

A9 0.50 C, 5.00 Cr, 1.00 V, 1.40 Mo 
1.50 Ni 

D2 1.50 C, 12.00 Cr, 1.00 Mo 

D4 2.25 C, 12.00 Cr, 1.00 Mo 

2 D5 1.50 C, 12.00 Cr, 1.00 Mo, 3.00 Co 
D7 2.25 C, 12.00 Cr, 4.00 V, 1.00 Mo 
$1 0.50 C, 1.50 Cr, 2.50 W Shock resisting, provide good balance of | Power tool components, piercing proje 
a 52 0.50 C. 1.00 Si. 0.50 Mo hardness and excellent toughness, low dis- _ tiles for oil well casings 


tortion in heat treatment, excellent stabi 


$4 0.55 C, 0.80 Mn, 2.00 Si 
lity in hardened condition 
$5 0.55 C, 0.80 Mn, 2.00 Si, 0.40 Mo 
te: S7 0.55 C, 0.70 Mn, 0.25 Si, 3.25 Cr 
Wi 0.60—1.40 C Harden to form wear-resistant case around Pistons in pneumatic tools, pins and shafts 
W2 0.60—1.40 C. 0.25 V tough core for motors, parts for typesetting equip 
ment, blades for hair clippers, shuttles for 
| — textile machinery 
02 0.90 C, 1.60 Mn Good combination of dimensional stability Pistons for hydraulic presses 
wear resistance and machinability 
» L6 0.70 C, 0.75 Cr, 1.50 Ni, 0.25 Mo Better dimensional stability than water Ratchets, gears, load cells 
(opt.) hardening grades. Very good toughness 


*Not an AISI tool steel designation 
+For more detailed information on materials for high- temperature bearings, see p. 101 
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Fig. 1 — Hot Hardness of 
Several Tool Steels Used 
for Bearings. High hot 
hardness and excellent 
wear resistance permit 
the tool steels to be used 
up to at least 700° F. 


Hardness, Dph 


vield strength of 240,000 psi., corresponding to 
the 290,000 to 300,000 psi. ultimate tensile 
strength. Longitudinal welds were eliminated 
by forging rings from pierced steel billets and 
then flow-turning them to final size. 

Another interesting application is the use 
of 5% Cr steels for a component weighing about 
9000 Ib. in a massive wind tunnel at McDonnell 
Aircraft. Advantage was taken of the deep 
air hardenability of H11 to produce a strength 
level of 220,000 psi. through a 12-in. section. 

Various types of ultrahigh strength fasteners 
are also being fabricated from 5% Cr steels. 
Bolts are commonly used at strength levels of 
220,000 psi. and 260,000 psi., with some experi- 
mental designs at 300,000 psi. In addition to 
high notch strength and stability at elevated 
temperature, the fasteners exhibit excellent 
fatigue resistance, which is about 35% higher 
than A.I.S.I. 4340 at the same strength level. 

Another tool steel listed in the Fact Sheet, 
H13 (prehardened), was originally developed 
as a prehardened hot work die steel. It has, 
however, found considerable nontooling appli- 
cations, primarily as machine tool components. 
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Tool Steels for High-Temperature Bearings 


Another large area for application of tool 
steels in nontooling jobs is in bearings, par- 
ticularly in bearings for jet engines. Here the 
need is for materials which retain a hardness 
of at least Rockwell C-58 at high operating 
temperature for at least 1000 hr., a high degree 
of dimensional stability, good resistance to oxi- 
dation and corrosion in operating environments, 
high compressive strength, and high fatigue 
and wear resistance. 

High speed steels and hardenable stainless 
steels (Type 440C and its variations) have in 
the past few years received considerable atten- 
tion because the most commonly used bearing 
steel, S.A.E. 52100, begins to lose its dimen- 
sional stability and hardness at about 450° F., 
which is near the operating temperature now 
encountered in jet engines. With the need for 
higher and higher operating temperatures has 
come a growing trend toward use of the high 
speed steels. Figure 1 gives an indication of 
where they fit in the bearing picture: it shows 
that several tool steels have no difficulty retain- 
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ing a hardness of Rockwell C-58 at least to 
700° F. 

Along with this excellent hot hardness goes 
excellent wear resistance, a combination of 
properties which accounts for the use of these 
steels for bearings operating at moderately high 
temperatures; the limit presently is about 700 
to 800° F. because the resistance to oxidation 
is poor unless the bearing is surrounded by an 
inert environment. 

For bearings, most demand has been for 
A.LS.I. grades T1, M1, M2, and M10 and for 
the widely available nonstandard, M50. Al- 
though used in both the air-melted and vacuum- 
melted condition, steel melted by the latter 
technique has the advantage of better micro- 
cleanliness and improved fatigue life. 

High speed steels such as T15 and M4 also 
show considerable promise as bearing mate- 
rials. Containing 4 to 5% V and higher carbon 
contents than either M2 or M50, these grades 
have a greater amount of extremely hard vana- 
dium carbide and are thus the most wear re- 
sistant of the fabricable, heat treatable mate- 
rials. Improved corrosion resistance can be 
had by departing from the standard analyses. 

Increasing the silicon and chromium con- 
tents, for example, raises the corrosion resist- 
ance at elevated temperatures until it is close 
to that of the high-chromium stainless steels. 
In addition, modified hardenable stainless steel 
(modified Type 440C) has found applications 
where corrosion resistance is needed in bear- 
ings. It lacks the hot hardness of the high 
speed steels, but its wear resistance can be 
improved by increasing the carbon content and 
adding vanadium. 


High Fatigue Strength and Wear Resistance 


As indicated in the Fact Sheet, another im- 
portant segment in the nontooling applications 
for tool steels lies in high-temperature springs. 
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Fig. 2— Precision Parts of 
A.L.S.I. A6 Tool Steel. Top: 
selector lever in a compara- 
tor; left: feed pawl for a 
shaper; right: wear plate on 
can-making machines. Low 
distortion of A6 and other 
air-hardening tool steels 
often means that parts re- 
quire little or no_ finish- 
ing after heat treatment. 


These springs are found in safety valves, steam 
turbines, nuclear power systems and turbine 
engines. Most extensively used at elevated tem- 
peratures are H2] and T1, both of which have 
excellent fatigue strength and minimum relaxa- 
tion in addition to good hot strength because 
of the secondary hardening treatment above 
1000° F. Although their resistance to oxidation 
and corrosion is limited, H21 and T1 are, never- 
theless, satisfactory in many applications where 
temperatures do not exceed 700° F. 

These steels can be either hot or cold coiled. 
To increase the proportional limit, some 
springs are heat treated and then cold drawn 
and tempered before being coiled cold. Gen- 
erally springs made from tool steels are put into 
service at a hardness of Rockwell C-48 to 50. 

Wear resistance is also important in other 
parts in addition to bearings. With the de- 
velopment of wear-resistant grades such as D7 
and A7, brick manufacturers have found that 
these alloys increase the life of brick mold 
liners. The experience of one brick manufac- 
turer has been that A7 gives 20 times longer 
life than carburized and hardened steels. 

Other air-hardening medium-alloy steels such 
as A2 and high-carbon, high-chromium steels, 
D2 and D5, make excellent wear parts and 
cams for machine tools. These grades are gen- 
erally used where high hardness at room tem- 
perature, rather than at elevated temperature, 
is important. In food choppers, for example, 
D2 has proved an excellent material for blades. 
Although M2 has been used in the same appli- 
cation, D2 has an advantage since, in addition 
to wear resistance, its high chromium content 
gives it some stainless qualities. 


Low Distortion During Heat Treatment 


Special printing machinery and shredding 
machinery have parts which are subjected to 
high wear and which are also complex in de- 
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sign. Where distortion becomes a problem 
when case-hardening steels are employed, then 
tool steels such as A2, A6 and D2 can be used 
to advantage. In the hardened condition, they 
often need no additional surface treatment and 
rejections because of distortion during heat 
treatment are reduced. Another good example 
which demonstrates the wear resistance and 
toughness of A2 is its use in the upper body of 
oil field pump valves. This part must also re- 
sist the erosion of sand and gravel. 

For parts where the primary requirement is 
toughness, design engineers should consider 
the shock-resisting steels. Grades such as S1 
and $5 have been used for shafts and gears in 
small power tools, cutter heads and clutch col- 
lars. Water-hardening grades such as W1 and 
W2, actually straight-carbon steels with pre- 
cisely controlled hardenability, are capable of 
attaining high hardness and good toughness 
because they form a hard case around a tough 
core. Stability during heat treatment and 
strength at elevated temperature are not char- 
acteristics of these grades, but the favorable 
combination of toughness and hardness gives 
them long life in parts for pneumatic tools. 


Future Advances in High-Strength Applications 


All of the applications which have been de- 
scribed here point out that tool steels are es- 
tablishing themselves as important materials 
for structures and components. But many de- 
sign engineers have not yet realized the poten- 
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tial offered by these steels, most often because 
of the lack of data on mechanical properties. 
This situation is changing as shown by the ex- 
tensive work which has been done in the bear- 
ing field and with H11 and its modifications. 

As the demand for higher and higher strength 
continues, tool steels can be expected to as- 
sume a more important role where strength-to- 
weight ratio and notch toughness are impor- 
tant. What type of steel compositions are 
expected to achieve extremely high strength 
levels of perhaps 350,000 to 450,000 psi? Stud- 
ies in alloy development over the years provide 
a good indicator. It has been demonstrated, 
for example, that highly alloyed high speed 
steels such as Tl and M2 dev elop the highest 
strength available in any existing material; they 
show a proportional increase in strength with 
hardness up to a yield strength of about 390.- 
000 psi. Unfortunately, high speed steels 
achieve this strength at a sacrifice in ductility 
that would necessitate drastic changes in struc- 
tural design criteria for notches, stress raisers 
and shock resistance. 

But the results of research indicate clearly 
that higher strength levels will necessitate 
higher alloy contents. Furthermore, a mecha- 
nism like secondary hardening, which provides 
maximum stress relief, and transformation of 
retained austenite by multiple tempering above 
950° F. assume increasing importance at these 
strength levels. Vacuum melting also appears 
essential. 

One of the newest techniques leading to 
higher strength steels is Ausforming, or warm 
working of austenite in the 600 to 1200° F. 
region following conventional austenitizing 
(see Metal Progress, September 1961, p. 68). 
This process results in a fully hardened part 
after the warm working operation. It is, there- 
fore, currently limited to parts in which over 
25% deformation can be accomplished within 
the warm working range rather than during 
heat treatment, with no subsequent welding, 
forming or extensive metal removal operations 
permitted. However, it does hold promise for 
certain designs, and the potential for obtaining 
strength without loss in ductility is encouraging. 
The capability of the technique is demonstrated 
by tests made at the Ford Scientific Laboratory 
where a modified H11 (0.35% C), Ausformed 
and then tempered at 700° F., reached a ten- 
sile strength of 430,000 psi., and a yield strength 
of 415,000 psi.; elongation and reduction in area 
were 4.5 and 24%, respectively. i) 
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for Fabrication of 


What Metal Shalll Use... 


Cryogenic Vessels and Equipment? 


The rapid growth of the cryogenic industry has focused much attention 
on metals to use in fabricating vessels and equipment 


By GEORGE H. ZENNER* 


for low-temperature service. Techniques for selection and methods 
for welding metals for industrial cryogenic applications 


Tue EFFECT OF LOW TEMPERATURE on 
toughness is probably the most important con- 
sideration in selecting metals for cryogenic ap- 
plications. A number of failures of vessels and 
structures have been due to inadequate atten- 
tion to this factor. Steels particularly have 
“notch sensitivity’, whereby the metal at low 
temperature behaves in a brittle manner in the 
presence of a notch, although in the absence of 
such localized stress raisers, it exhibits ductility. 

The notched-bar impact test has been de- 
veloped to measure the toughness of metals at 
low temperatures. The important factor here is 
the use of a notched specimen, and the specific 
method of test, by impact, is a matter of con- 
venience and has no particular relationship to 
the conditions of service for the metal. The 
Charpy keyhole specimen has been the stand- 
ard for many years; however, today the V-notch 
is being employed with increasing frequency. 
A notched-tensile test is also being used to some 
extent to secure design data and to avoid some 
of the objections to the impact test. The cor- 
relation of toughness data with performance of 
a fabricated vessel, however, is still uncertain. 


What Is Adequate Toughness? 


It has been reasonably well established that 
a minimum of 15 ft-lb. at low temperature for 
the standard Charpy keyhole or V-notch speci- 
men assures adequate toughness in steels used 
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for pressure vessels. The impact strength is 
roughly a product of the tensile strength of the 
metal and the deformation of a small volume of 
metal in the vicinity of the notch. Thus, it is 
erroneous to expect high impact values from 
low-strength metals, such as soft aluminum. 
Conversely, it is justifiable to expect higher im- 
pact values for metals with unusually high ten- 
sile strength. An examination of the fracture is 
often a useful criterion in evaluating impact 
test dataf. 

The common nonferrous metals — copper, 
aluminum, nickel, and their alloys — generally 
do not undergo any loss in toughness at low 
temperatures. The A.S.M.E. Code rules, there- 
fore, do not require impact tests on approved 
alloys of these metals or their welds down to 
—325°F. The region below —325° F., how- 
ever, has not been adequately investigated to 
permit such a generalization. The M-P Fact 
Sheet on p. 114 includes impact data for plate 

*Assistant Manager, Engineering Laboratory, 
Linde Co., Div. of Union Carbide Corp., Tona- 
wanda, N.Y. The author expresses his gratitude 
to C. M. Heath, metallurgy consultant for the Linde 


Co., whose knowledge and experience have pro- 
vided much of the information for this article. 
Data on a wide range of metals is given in 
Monograph 13, “Mechanical Properties of Struc- 
tural Materials at Low Temperatures”, and other 
publications of the U. S. Department of Commerce, 
National Bureau of Standards, Washington, D.C. 
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materials in the annealed condition at 70° F. 
and at a specified low temperature. 


Thermal Conductivity 


Heat conduction (heat leak) through piping 
and supports can be a serious problem in many 
low-temperature installations. The ratio of 
strength-to-conductivity is an index of the rela- 
tive suitability of different metals for cryogenic 
service. This is a most important factor, es- 
pecially now since liquid hydrogen (boiling 
point: —423° F.) and super insulations are com- 
ing into more widespread use because heat 
conduction through metal supports becomes a 
major source of heat leak. Figure 1 shows 
super insulation between the inner and outer 
shell of a liquid hydrogen tank car. 

Plastics and other nonmetals are sometimes 
employed for supports since their strength-to- 
conductivity ratio is superior to that of metals. 
Thermal conductivity may change rapidly with 
temperature, so the coefficients given in the 
Fact Sheet should not be used for other ranges. 

It is fortunate that austenitic stainless steels 
and certain copper alloys (these are among the 
most widely used metals for cryogenic pur- 
poses) also have very low values of thermal 
conductivity. Special alloys (the Hastelloys are 
good examples) which have unusually high 
strength-to-conductivity ratios are also avail- 
able. In a few instances, such as for extended 
surfaces on heat exchangers, high thermal con- 
ductivity is desired. For this application, cop- 
per and aluminum are useful. 


Thermal Expansion and Contraction 


A liquid container, 36 ft. long, made of 18-8 
stainless steel, will contract 114 in. when cooled 
from ambient temperature to the boiling point 
of liquid hydrogen (—423°F.). Aluminum 
structures change even more. Such large di- 
mensional changes occurring in the confined 
spaces of most cryogenic structures require spe- 
cial attention to the stresses which result. This 
expansion-contraction problem is particularly 
significant in long pipelines that are provided 
with a rigid vacuum jacket for insulation. Here 
the liquid line is sometimes made of Invar to 
minimize the problem. In most instances, there 
is no further significant change in total contrac- 
tion below —320° F. (liquid nitrogen). 


Metals for Cryogenic Vessels 


The need for large pressure vessels for use 
at pressures of 200 psi. or higher at ultralow 


Stainless Vessel for 
Liquid Hydrogen 


Baffles in Liquid- 
Hydrogen Tank 


Piping for Liquid Hydrogen 


Welding 9% Ni 
Tank for 
Liquid Oxygen 


a. Welding Aluminum Tank for Liquid Oxygen 
—— 
Un / 
| 
| 
me a 
| 
; 
j 


Fig. 1—Super Insulation Goes Between Inner 
Stainless Steel Tank and Outer Carbon Steel Shell 
of 28,000 Gal. Liquid Hydrogen Tank Car. In- 
sulation consists of alternate layers of alumi- 
num foil and thin fiberglas-plastic sheeting 


temperature requires strong, weldable alloys 
suitable for cryogenic service. Numerous alloy 
steels in the quenched and tempered condition 
are tough at very low temperatures, but weld- 
ing upsets the low-temperature properties in 
the weld area of many of them. Furthermore, 
the deposited weld metal almost always has 
poorer low-temperature properties than the 
base metal. 

Many nonferrous alloys which have excellent 
tensile strength and high yield point in the cold- 
rolled condition become soft and weakened in 
the weld area. High strength and toughness 
in the welded joint for these alloys depend 
primarily on alloy content of both the base plate 
and weld deposit. 

The M-P Fact Sheet lists the metals com- 
monly used for cryogenic service. Although 
the term “cryogenic” usually refers to tempera- 
tures below about —200° F., the list also in- 
cludes a few steels which are only suitable at 
appreciably higher “low” temperatures. 

The steels listed are those included in SA- 
300 of the A.S.M.E. Code for Unfired Pressure 
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Vessels. In numerous instances a welding rod 
of a composition different from that of the base 
metal is used to obtain satisfactory properties 
in the deposited weld metal. The Code pro- 
vides dependable rules for the selection of a 
suitable metal and welding procedure by es- 
tablishing checks on the base metal, the weld- 
ing process, and the operator. The tensile 
properties given for 70°F. are usually Code 
specification values for annealed plate and they 
are appreciably lower than many test results. 
The strength at low temperature is similarly on 
the conservative side. 


Carbon Steels 


Fine-grained carbon steels, SA-201 and 212, 
are suitable down to —50° F. (The fine grain 
frequently is obtained by ladle addition of alu- 
minum.) It is also helpful to have a manganese- 
to-carbon ratio of about 4:1, and for this rea- 
son, the manganese content is increased slightly. 
Also, because of this, only Grade A — normally 
of lower carbon content — is shown in the Fact 
Sheet, although Grade B materials permit 
higher design stresses. 

Impact specimens taken transverse to the di- 
rection of rolling may show much lower values 
than specimens taken lengthwise. This prob- 
lem can be avoided by having the plates cross- 
rolled. The welding rods employed for these 
steels are A.W.S. specification, low-hydrogen 
electrodes intended for low-temperature use. 

Wires of cold-drawn carbon steel have been 
used in prestressed concrete tanks for storing 
liquid oxygen at —297°F. These wires have 
displayed remarkable toughness when notched 
and bent at —320°F. The notched portion re- 
mained straight and separated from the un- 
notched bent portion in the same manner as 
a notched branch of a green tree when it is 
bent. These wires are considered suitable for 
low-temperature service. 


Low-Alloy Steels 


Low-alloy steels shown on the Fact Sheet 
have properties suitable for specific low- 
temperature use. Fine grain is also important 
for these steels and they may be subject to di- 
rectional properties. At present, none of them 
is approved for operation below —320° F 

Welding of 9% Ni steel is best accomplished 
with an austenitic electrode, preferably Inco 
“A”. Considerable trouble has been encoun- 
tered from arc-blow during welding caused by 
residual magnetism in the steel plate. Thus, 
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extra precautions in handling the material have 
been necessary. The Code now requires stress 
relief of welded vessels of 9% Ni steel, but 
efforts are under way to eliminate this require- 
ment. Stress relief can have pronounced bene- 
ficial or deleterious effects on the low-tempera- 
ture properties of welded carbon and low-alloy 
steels. It must be investigated for each combi- 
‘. nation of plate and weld metal. 


Austenitic Stainless Steels 


> These alloys are widely used for vessels op- 
erating at —250°F. and below. They are 
tough, readily welded, and _ possess high 
strength and low thermal conductivity. This 
combination of properties makes them almost 
. ideal for cryogenic use. The usual precautions 
against prolonged heating of these alloys in 
the 900 to 1600° F. range should be obse ved, 
Such heating affects low-temperature tough- 
ness adversely, especially in the weld. 
Type 304 stainless has become the most popu- 


Fig. 2— The Use of a Variety of Metals in Cryo- 
genic Equipment Is Illustrated by Components of 
This Liquid Oxygen Truck (200,000 Cu.Ft. Ca- 
pacity). The liquid-carrying inner tank is stain- 
less, with a carbon steel outer casing. Valves 
are brass, bronze and cast iron. Piping is cop- 
per (Everdur), while the pump (lower left) 
is Meehanite cast iron, plated with cadmium. 
The operating compartment floor is aluminum 
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lar of the group where weldability and tough- 
ness at low temperature are required. Type 
347 has somewhat lower toughness in the weld 
zone than Type 304. The other austenitic 
stainless alloys are either more expensive or 
have special properties which limit their appli- 
cation. Type 301, for example, heavily cold 
rolled to provide high strength, is used exten- 
sively in thin sections to fabricate cryogenic 
propellant tanks in missiles (see Metal Progress, 
November 1959, p. 67). 

Impact tests are required by the Code on the 
base metal and weld metal for all of these stain- 
less steels when the service temperature is 
below —325°F. These tests are not required 
on the base metal for Type 304 and several 
other alloys if used above —325° F. A welding 
rod of higher alloy content than the base metal 
is generally employed, and carbon content 
should be ke »pt low. 

The A.LS.I. type 200 alloys, having 17% Cr, 
9 to 10% Mn, and 4 to 5% Ni, have recently been 
introduced in an effort to provide a less costly 
material for cryogenic vessels. Thus far, the 
properties of Types 201 and 202 appear to be 
uncertain at —320°F. Type 204 is probably 
satisfactory, but it is not readily available. 


Copper and Copper-Base Alloys 


Copper was one of the first metals to be em- 
ployed for low-temperature service, and it is 
still an excellent choice where it is suitable. 
The copper-silicon alloy, SB-96 (especially 

Grade A-8, 96% Cu, 314% Si, 34% Mn), has been 
used extensively where  weldability and 
strength are desired. 

Copper alloys of the solid-solution type ap- 
pear to retain their toughness at temperatures 
approaching absolute zero, although the region 
below —325°F. has not been fully investi- 
gated, particularly for welded materials. The 
thermal conductivity of pure copper is ex- 
tremely high, but, on the other hand, for the 
copper-silicon alloys it is quite low. The rela- 
tively high cost and low strength of copper and 
its alloys have, however, caused a decline in 
its use in recent years in favor of 9% Ni steel, 
austenitic stainless steel, and aluminum alloys. 

Copper alloys in the form of bronze or brass 
castings are widely used for valve bodies and 
fittings at low temperature, as illustrated by 
Fig. 2. If attached by hard solder or brazing, 
the alloy should be essentially lead-free to avoid 
porosity caused by the brazing operation. A 
wide variety of brasses is employed for various 
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Tensile Strength Impact Resistancet+ 
Normal Lowest | 
Nominal Allowable Temp..+ | at 70° F. at Low Temp. at 70° F | at Low Temp. 
Metal Composition, % F. Pa. Psi. Ftlb FtLb. 
Low-carbon steels 
; SA-—300* SA—201 Grade A(a) | 0.35 C max 50 55,000 | —50 62,000 50 50 15(min.) “i 
5 anita stele SA-212 Grade A(a) | 1 Mn max 50 65,000 | —50 72,000 45 | —90 15(min.) 
SA-300 SA—203 Grade A(a) 2.4 Ni -75 65,000 | —75 85,000 | 45-55 | -75 20-35 
% SA—203 Grade D(a) 3.5 Ni ~150 65,000 | -—150 85,000 40 | -150 15-35 
SA—410 (a) 0.75 Cr, 0.75 Ni 150 60,000 | - - 60 | -150 15-40 
0.55 Cu, 0.15 Al | 
SA-353 Grade A(b) 9 Ni —320 90.000 320 135,000 25-65 | —320 5 
Austenitic 4 
stainless steels 
SA—167 Type 301 17 Cr, 7 Ni Not established 100,000 -320 260,000 (c) (c) 
Type 303 18 Cr, 8 Ni Not restricted 75.000 320 220,000 80 —320 80 P 
plus S or Se 
Type 304 | 18 Cr, 8 Ni Not restricted 75,000 423 220,000 100 320 8 
Type 305(k) | 18 Cr, 11 Ni Not restricted 75,000 423 200,000 100 | —320 80 i 
Type 309S | 23 Cr, 13 Ni Not restricted 75,000 - - # 
Type 310S | 25 Cr, 20 Ni Not restricted 75,000 —423 170,000 75 | —320 60 
Type 316 17 Cr, 12 Ni, 3 Mo Not restricted 75,000 —423 180,000 65 | —423 50 
Type 321(I) 18 Cr, 8 Ni plus Ti Not restricted 75,000 423 180,000 70 —320 45 
Type 347(I) 18 Cr, 10 Ni plus Cb Not restricted 75.000 423 200,000 58 320 53 
Copper alloys 
Copper (annealed) | Not restricted 20,000 423 60,000 55(d) | -320 52(d 
¢ Copper-silicon 96 Cu, 3.25 Si, 0.75 Mn Not restricted 50,000 320 ~=—- 80,000 65 | -320 55 
SB—96 Grade A-8 | 
Muntz metal | 60 Cu, 40 Zn | Not restricted 50,000 320 65,000 50(d) | -320 45(d 
(lead-free) 
Aluminum alloys 4 
3003-0 | 1.25 Mn Not restricted 14,000 320 30,000 17(e) —320 2(e 
5052-0 | 2.5 Mg Not restricted 25,000 320 40,000 - } 
5083-0 | 4.5 Mg, 0.7 Mn Not restricted 40,000 -320 60,000 17(f) =| -320  16(f) 
5086-0 4.0 Mg, 0.5 Mn Not restricted 35,000 —320 52,000 16(g) | -—320 16(g 
5154-0 3.5 Mg Not restricted 30,000 320 45,000 16(g) —320 16(g 
ii 5456-0 | 5.0 Mg, 0.75 Mn Not restricted 42.000 -320 60,000 10.5(g) | —320 9 5(¢ 
High-nickel alloys + 
Monel | 68 Ni, 32 Cu Not restricted 70,000 —320 110,000 219(h) | -320  196(h) 
: ' , Invar | 36.2 Ni, 63.8 Fe Not established | 60,000 —320 100,000 45 --320 37 
ther metals + 
Titanium alloy | 6 Al 4V Not established | 120,000 320 200,000 20 ; —320 0 
C-120-—AV 
Cast iron | 3.2 C, 2.0 Si Not established | 20.000 ~320 22,000 24(i) 320 
* — SA designations refer to Material Specifications in Section (d) Charpy V notch 
Il of the ASME Boiler and Pressure Vessel Code. (e) H 112 temper. 
+ At allowable design stress. (f) H 113 temper. 
+t Charpy keyhole notch except where otherwise indicated. (g) 7.5-mm. wide Charpy specimen. 


(b) Available as sheet and plate; SA—312 for pipe or tubing. (k) Used primarily for spun heads. 
(c) Toughness of thin sections established by notch-tensile (1) Used for vessels requiring stress relief. 
tests. 


Average 70° to —320° 
Available as sheet and plate; SA—333 or 334 for pipe or 


tubing. Grade to suit temperature. 


(h) As rolled, Charpy V. 
(1) 1.2-in. diam. cast bar, unnotched. 


(j) Coefficient decreases with increased amounts of cold work 


machined parts. These alloys suffer no deteri- 
oration at low temperatures, but they may pre- 
sent problems in welding. 


Aluminum Alloys 


Aluminum and its alloys have long been 
known to retain their toughness at low tem- 
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peratures. Impact values are frequently below 
15 ft-lb., but this is generally due to low 
strength and not to brittleness, as may be seen 
by inspection of the fracture. The develop- 
ment of inert-gas-shielded are welding greatly 
improved our ability to weld aluminum and 
encouraged the introduction of alloys in the 
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welding chamber 
Castings used for 
low-pressure parts 


5000 series which have high strength and tough- 
ness in the as-welded condition. More re- 
cently, the coming of the plasma-arc, inert-gas 
cutting process has speeded the fabrication of 
these metals. 

In the alloys of the 3000 series (1% Mn), 3003 
is the only one which is used to any extent. It 
is the easiest of all aluminum alloys to weld, 
especially where vacuum tightness is essential. 
Normally, it is welded with 1100 rod, which 
results in a tensile strength of 14,000 psi. This 
low strength is the chief limitation of the alloy. 

The alloys in the 5000 series (containing vari- 
ous amounts of magnesium, some also with 
slight manganese additions) are used to a con- 
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Coefficient of Coefficient of 
Thermal Thermal Weldability 
Conductivity, § Expansion, 
Btu./Hr./Ft., ° F In./In., ° F. Rating Welding Electrode siderable extent for cryo- 
50°F) E—7015 or 7016 strength increases with al- 
loy content, reaching 42,- 
20(to -75° F.) | 60x 10-8 Excellent £-8015--Cl or E-8016-C! 000 psi. for the 5456 alloy. 
18(to —150 °F.) | - Excellent £-8015—C2 or E-8016-C2 Although the alloys are 
Excellent £-8015—C2 or E-8016—C2 weldable, they suffer from 
[ hot shortness under certain 
. 14 | 53x 10" Satisfactory if Inco "A circumstances and they are 
72x 10-6 Excellent Special joint design than 3003. Welding prob- 
> 7.2 x 10-®est.) Free machining type; lems such as porosity and 
| normally not welded oxide folds develop with 
7.0 72x10° Excellent Type 309, 310 or 308 ELC increasing magnesium con- 
12 7.2 x 10-®est.) Excellent Type 309, 310 or 308 ELC tent. At the same time, 
2 7.2x 10-®(est.) Excellent Type 310 at low temperature, 
1? 12x 10-6 Good Type 347 though there is no evi- 
7 73x 10-6 Good Type 347 dence of a transition tem- 
+ perature or a shift to a 
250 7.85x 10 Fair Copper notch-brittle condition. 
9.f Good Copper-silicon The fatigue strength of 
Satisfactory Copper-silicon aluminum alloys is low — 
| in the 7000 to 15,000 psi. 
| range — and this is not im- 
10.0x 10 -* Excellent 1100 proved by increased mag- 
- Good 5052 nesium content. 

10.4x 10- Good 5183 Alloys in the 6000 series 
10.4x 10-* Good 9183 (containing magnesium 
c 0 | aa silicide) are used primarily 
6.3x 10-¢ Good Monel forgings. They can be 
é 0.5-1.2 x10 4(j) Good Invar or Inco “A welded, but cracking due 
Requires special to hot shortness is a seri- 


ous problem and the as- 
welded strength is lower 
than for some of the alloys 
in the 5000 series. The 
latter are preferred where 
welding is a major factor. 


High-Nickel Alloys and Other Metals 


Pure nickel or Monel metal is used to a 
limited extent at cryogenic temperatures, pri- 
marily for liquid fluorine (boiling point: — 307° 
F.). Inconel, “K” Monel, and other alloys have 
specific applications. The properties of these 
metals are excellent at low temperature; their 
principal drawback is cost. 

Titanium alloys find application where a 
high strength-to-weight ratio is essential, or 
where both high and low-temperature proper- 
ties are required as in certain parts of rockets 
(see Metal Progress, April 1961, p. 72). 

Cast iron, although (Continued on p. 154) 
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What Metal Shalll Use... 


for High-Strength 
Welded Structures? 


Today, as more and more fabricators strive to make their products 
lighter and stronger, their attention is focusing on high-strength steels and alloys 


of aluminum and magnesium which can be fabricated into light 
but strong structures by modern welding techniques. 

This article presents a compilation of these important materials 
and discusses how they can be used to best advantage. 


(K-general; ST, Al, Mg, 7-51) 


Steels 


Te you rake a CLOSE LOOK at the steel 
and fabricating industries, you will find two 
important trends. First, there is increased 
emphasis on the importance of lowering con- 
struction costs by optimum use of the wide 
variety of high-strength and constructional 
alloy steels available and, second, more engi- 
neers are recognizing the advantages of welded 
construction. 


Designed for Welding 


Whatever the source for these trends, one 
thing is sure: The steel industry has come 
up with a wide variety of steels for struc- 
tural uses which encompasses minimum yield 
strengths of 32,000 to 110,000 psi. What's more, 
many of these steels have been designed with 
weldability in mind. 

As a base, we may consider A.S.T.M. A7- 
58 T, the basic workhorse of structural specifi- 
cations. It defines a carbon structural steel 
having a minimum yield point of 33,000 psi. 
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and a minimum tensile strength of 60,000 to 
75,000 psi. But the strength of this steel would 
vary with section size unless an adjustment 
were made in composition. Thus, to keep with- 
in the minimum strengths specified by A.S.T.M. 
A 7, steelmakers must add carbon or manganese 
or both. The result: Weldability of A7 steel 
(and its ability to be cold formed) may range 
from excellent to poor depending on thickness. 


Stronger Carbon Steel 


To give fabricators a steel of higher strength 
at only slight increase in cost, a new specifica- 
tion, A 36-60 T, was written. As shown in the 


The editors acknowledge the assistance of the 
following in preparing this article: Alan Wood Steel 
Co., Conshohoken, Pa.; Armco Steel Corp., Mid- 
dletown, Ohio; Bethlehem Steel Co., Bethlehem, 
Pa.; Great Lakes Steel Corp., Detroit; Inland Steel 
Co., Chicago; Jones & Laughlin Steel Corp., Pitts- 
burgh; Kaiser Steel Corp., Fontana, Calif.; Lukens 
Steel Co., Coatesville, Pa.; Republic Steel Corp., 
Cleveland; Sharon Steel Corp., Sharon, Pa.; United 
States Steel Corp., Pittsburgh; Youngstown Sheet 
and Tube Co., Youngstown, Ohio. 
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M-P Fact Sheet on p. 118, it calls for a minimum 
yield point of 36,000 psi. and tensile strengths 
ranging from 60,000 to 80,000 psi. Because of 
the higher yield point, 3000 psi. over that 
of A7, significant savings in weight and costs 
are possible in steel fabrication. And the Fact 
Sheet indicates another significant feature about 
A 36 steel —in its maximum permissible thick- 
ness of 4 in. in hot-rolled plates, shapes and 

» bars, the steel has a limitation on carbon and 
manganese content to insure that good weld- 
ability is maintained. As with A7 steel, cold 

» formability of the heavy gages may suffer be- 
cause of the higher carbon content (0.28%, 
max.) needed to keep the strength up. 


High-Strength, Low-Alloy Steels 


As mentioned earlier, A 36 steel fills the de- 
mand for a structural material that gives steel 
fabricators more flexibility in design and fabri- 
cation. This idea is carried through in the 
other high-strength steels for welded structures. 
Although they may cost more per ton than car- 
bon structural steel, they permit savings in 
weight which may actually lead to lower fabri- 
cation costs if engineers take advantage of 
the available strength. 


Section Size Affects Strength 


For example, A.S.T.M. A 242-55 sets down 
a broad specification for high-strength, low- 
alloy steels, which cost more than A 36 steel 
but are stronger. These steels are available 
in shapes, bars and plates for welded or riveted 
construction. Carbon content is restricted to 
0.22% and manganese content to 1.25% for good 
weldability and, as one might suspect, the mini- 
mum strength decreases as the thickness is Automatic Welder 
increased. Thus, for gages up to 3% in., the Joins Magnesium 
minimum yield point is 50,000 psi. but for 
” thicknesses of 34 to 11% in. and 1% to 4 in., 
Mi the minimum yield is reduced to 46,000 and 
42,000 psi., respectively. 


Improved Corrosion Resistance 


se The M-P Fact Sheet on p. 118 shows that in 
A.S.T.M. specification A 441-60 T, engineers 
have a choice of yet another weldable, high- 

° strength, low-alloy steel with the same mini- Welding an Automobile Body 
mum mechanical properties as those called out 

in A 242. In fact, some steels meet both speci- 

fications as they are presently written. But the 

basic difference is one of alloy content and, 

consequently, cost. Steels supplied to meet 

A 441 are basically manganese-vanadium grades 
with 0.20% (min.) Cu; they are lower in price 


Aluminum Tank for 
Liquid Hydrogen 


Engineer Studies Weldability 


Typical Names Composition 


Size 


Mechanical Properties (Minimum) 


Yield 
Point(a), 
Psi 


Tensile | Elonga 

Strength, |tion(b) 
Psi | % 


Carbon Structural Steel 
A36-60T 0.28 C (max.) 

0.28 C (max.) 

0.28 C (max.), 0.60-—-0.90 Mn 

0.28 C (max.) 

0.28 C (max.), 0.80 

0.28 C (max.), 0.85 


1.10 Mn 


High—Strength, Low —Alloy Steel 
A441-60T| Tri—Ten, Tri—Steel 
Manganese—Vanadium 
Yoloy A441,Sheffield Hi—Strength 
“B" Armco High Strength No. 5 


All thicknesses 
0.22 C (max.), 1.25 Mn (max.) 
0.30 Si (max.), 0.20 Cu (min.), 


All thicknesses 
0.22 C (max.), 1.25 Mn (max.) 
0.05 S (max.) 


| Cor—Ten, N-A—X High Tensile 
N—A-—X Finegrain, Hi-—Steel, 
Tri-Ten, Yoloy E HS, Mayari R 
Dynalloy. Republic 50, Tri— Steel 
Kaisaloy No. 1, J & L Ni—Cu—Ti 
High-Strength Forming Steel 
Sheffield Hi—Strength “A 
Armco High Strength No. | 


A242-55 


GLX—45-W, EX—Ten 45 

AWX—45, Yoloy 45W, INX—45 
JLX—45—-W, Republic X-45—W 

| High Strength No. 7, Columbium 45 
GLX—50—W, EX—Ten 50, AWX—50 
Yoloy 50W, INX—50, JLXK—50—W 
Republic X-50—W, High Strength 
No. 6, Columbium 50 
GLX—55—W, EX—Ten 55, Yoloy 55W 
INX—55, JLX—55-—W, Republic 
X—55—W, Columbium 55 
GLX—60-—W, EX—Ten. 60, Yoloy 60W 
INX—60, JLX—60—W, Republi 
X—60—W, Columbium 60 


Heat Treated, Constructional Alloy Steel ———— 
| T-1 0.10-0.20 C, 0.60-1.00 Mn, 0.15-0.35 $ 


Not furnished to specific range 
Typical analysis: 0.10—0.25 C 
0.4—1.5 Mn, 0.01—0.04 Cb 


0.70—1.00 Ni, 0.40-—-0.65 Cr, 0.49—0.60 Mo 
0.03--0.08 V, 0.15-0.50 Cu, 0.002—0.006 B 


0.40 P (max.), 0.050 S$ (max.) 


T—1 Type A 0.12-0.21 C, 0.60-1.00 Mn, 0.15--0.35 Si 
0.40—0.65 Cr, 0.15—0.25 Mo, 0.03—0.08 V 
0.0005—0.005 B, 0.040 P, 0.05 S, 0.01-0.3 Ti 

N—A—XTRA 80 Not furnished to specific range. 

N—A-—XTRA 90 Typical analysis includes: 0.14-0.20 C 

N-A-—XTRA 100 0.80 Mn, 0.60 Si, 0.65 Ni, 0.20 Cr 

N—A—XTRA 110 0.02 P, 0.03 S, 0.06 Zr 


| Jalloy-S—90 0.10—0.20 C, 1.10—1.50 Mn, 0.15—0.30 Si 


Jalloy—-S—100 0.20-0.30 Mo, 0.05 P, 0.04 S 

Jalloy—-S—110 

SSS—100 0.12-0.20 C, 0.40—-0.70 Mn, 0.20-—0.35 Si, 
1.40—2.00 Cr, 0.40—0.60 Mo, 0.20-0.40 Cu 
0.04—0.10 Ti, 0.0015—0.005 B, 
0.040 P (max.), 0.040 S$ (max.) 

SSS— 100A 0.13—0.21 C, 0.40-0.70 Mn, 0.20-—0.35 Si, 


| 0.85- 1.20 Cr, 0.15-0.25 Mo, 0.20 Cu (min.) 
| 0.040 P (max.), 0.040 S (max.), 0.04-0.12 Ti 


0.0015 B (min.) 


1.20 Mn, 0.15-0.30 Si 


0.02 V (min.). 0.04 P (max.), 0.05 S (max.) 


Shapes 36.000 | 60,000 20 
Bars: 34 in. and under 80.000 
Over 34 in. 
Plates: *4 in. and under 
Over *s to 1 in. incl. 
Over 1'2 to 4 in. incl 
44 in. and under 50,000 | 70,000 18 . 
Over 34 to 1% in. incl 46,000 | 67,000 19 
1'> to 4 in. incl 42,000 | 63,000 19 


ain. and under 
Over to 1'> in 


Over 1'> in 


Up to 4s in 


Over 2'2 to 6 in. incl 


3/16 tol! 


to | in. incl 


3/16 to | in. incl 


3/16 to 1 in. in 


50,000 
46,000 
42.000 


50,000 


55,000 


60,000 


100,000 
90,000 


100,000 


80,000 
90,000 
100,000 
110,000 


90,000 
100,000 
110,000 


100,000 


100,000 


| 
} 


} 


| 67,000 19 


70,000 18 


63,000 19 


60,000 


65.00 16 


70,000 \4 


75.006 12 


115,000 
135,000(c) | 18 

105,000 
135,000(c) 


115,000 
135,000(c) 


100,000(c) 18 
110,000(c) 

119,000(c) 18 
130,000(c) 18 


105,000(c) 18 
115,000(c) | 
125,000(c) | 18 


115,000(c) | 18 


115,000 
135,000 


18(e 


steels; elongation in 2 in. for heat treated, constructional alloy steels 
(c) Typical. 
(d) Minimum elongation is 16% in sections over 4 to 6 in. (inclusive) thick 
(e) Minimum elongation is 16% in sections *s to 1 in. (inclusive) thick 


(a) Yield strengths of heat treated, constructional alloy steels are listed rather than yield points 
(b) Elongation in 8 in. for carbon structural, high-strength low-alloy and columbium-treated 
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Outstanding 
Characteristics 


Welding 
Characteristics 


Applications 


Engineering properties same as those of 
ASTM A7 steel except for minimum yield 
strength which is 9% higher. Atmospheric 
corrosion resistance is improved if copper 
(0.20% or more) is added. 


Limitation on carbon and manganese con 
tents insures good weldability. E60XX elec 


trodes are satisfactory 


Same as ASTM A7 and A373 steels. Higher 
yield point permits weight and cost savings 


Atmospheric corrosion resistance two times 
that of carbon steel. Costs less than grades 
with greater corrosion resistance. Hot 
forming recommended for thickness over 
in. 

Many of the steels meeting ASTM A242 
(but not all) exhibit atmospheric corrosion 
resistance four to six times that of carbon 
steel. Endurance limit 50% higher than 
ASTM A7 steel; cold-forming properties are 
at least equivalent and often superior to 
A7 steel 


Good weldability. Use E60XX or E70XX elec 
trodes 


Weldability superior to that of carbon steel 
EGOXX electrodes satisfactory: E70XX pre 
ferred for multipass welds 


Bridges, buildings, construction machin 
ery, ordnance handling equipment, railroad 
car underframes, pipeline fittings 


Bridges, buildings, construction machinery 
ordnance handling equipment, railroad car 
underframes, pipeline fittings 


Combine strength and weldability at rela 
tively low cost. Basically, these are carbon 
steels with columbium added to improve 
strength. Low carbon and manganese insure 
good weldability. Resistance to corrosion 
can be increased by adding copper 


Weldability equivalent to that of mild car 


bon steels. E60XX or E70XX electrodes are 


recommended 


Auto and truck parts, pipelines, other ap 
plications where strength, good weldability 
and formability are required 
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Yield strength about three times that of 
structural carbon steel, high toughness, and 
atmospheric corrosion resistance (four to 
six times that of carbon steel). Steels 
with leaner alloy content, such as T—1 
Type A, have the same mechanical proper- 
ties as T—1 steel but atmospheric corrosion 
resistance is less (two times that of car 
bon steel) and availability is limited to 
thicknesses of up to 1 in 
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For manual arc welding, low-hydrogen elec 
trodes of the E7015, —16, —18 to £12015 
—16, —18 classifications, preferably those 
which match the strength of the base 
metal. Preheat usually neither recom- 
mended nor required. Heat input must be 
carefully controlled; stringer-bead welding 
is recommended. Can also be welded by 
submerged-arc and inert-gas-shielded 
metal-arc processes 


Applications similar to those of high 
strength low-alloy steels. Higher strength 
of heat treated grades permits less stee! 
to be used, often at a cost savings despite 
their greater cost per ton. These steels 
have been used in such applications as 
cranes, booms, earth-moving equipment 
trailer and truck frames and bridges, pres 
sure vessels 
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than A 242 steels. This specification is now 
commonly used for weldable steels when im- 
proved resistance to atmospheric corrosion is 
not required. Many of the steels meeting A 242 
contain nickel, copper and chromium and 
will thus exhibit atmospheric corrosion §re- 
sistance about four to six times that of A7 
steel; A 441 is better than A7 in this respect 
(as long as the same amount of copper is not 
added to the A7 steel) but only by a factor of 
about 2. The Fact Sheet also notes a pre- 
caution. As A 242 is written, it does not spe- 
cifically define the required degree of corrosion 
resistance; designers, if they want the enhanced 
corrosion properties usually associated with 
A 242, should specify “atmospheric corrosion 
resistance at least four times that of carbon 
structural steel”. 


New Specification 


The confusion between A 242 and A441 is now 
being considered by A.S.T.M. and it is prob- 
able that a more definitive specification will 
evolve. In addition $.A.E. has been working on 
a specification (actually a revision of $.A.E. 950) 
for carbon-manganese, high-strength steels and 
high-strength, low-alloy steels, S.A.E. 945 and 
950. These grades would be supplied with 
minimum yield strengths of 45,000 and 50,000 
psi., respectively, depending on thickness. The 
specification sets forth maximum chemical con- 
tents for a total of six grades of these steels. 
The addition of copper, silicon or other ele- 
ments for increased corrosion resistance is left 
to negotiation. 

Also included in the tentative specifica- 
tion is a table which lists the relative weld- 
ability, formability and toughness of the six 
proposed grades based on their respective chem- 
ical limits. 

As it stands now, the proposed standard 
would prove quite valuable in defining areas 
which have been treated vaguely in the past. 
It should be pointed out, however, that the 
specification has not been approved in_ its 
present form. Further consideration of its 
wording by the appropriate $.A.E. committee 
seems likely. 

Another steel, covered by A.S.T.M. A 440- 
59 T and supplied to the same minimum yield 
points as A 242 and A 441, is sometimes used 
in welded structures. It is primarily intended 
for bolted and riveted construction because of 
the high carbon and manganese limits (0.28% 
and 1.10 to 1.60%, respectively ) allowed by the 
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specification, and for this reason it is not listed 
on the Fact Sheet. But A 440 steel is cheaper 
than either A 242 or A441, and some fabrica- 
tors (of low-pressure gas tanks, for example) 
have learned to join it with reliable welds. 
Without special precautions, however, A 440 is 
not recommended for welding. 


Welding High-Strength, Low-Alloy Steels 


Any of the high-strength, low-alloy steels 
shown on the Fact Sheet can be welded by the 
usual techniques — metal arc, submerged arc, 
resistance and gas welding and _inert-gas- 
shielded tungsten or metal-arc welding — with- 
out affecting corrosion resistance. Special alloy 
electrodes are not essential, but the choice of 
electrodes depends on the joint efficiency that 
is required. Where 100% efficiency is not nec- 
essary, covered electrodes in the A.S.T.M. 
A 233-58 T or E 60XX are satisfactory. Higher 
joint efficiencies can be obtained by using low- 
alloy E70XX or A.S.T.M. A316-58T elec- 
trodes. These are also recommended for mul- 
tiple-pass welding and when heavy sections are 
joined. Low-hydrogen electrodes are preferred. 

Spot welding techniques for high-strength, 
low-alloy steels are essentially the same as 
those for structural carbon steels. Higher 
resistivity and greater sensitivity to time and 
current may require that welding current be 
slightly lower and the pressure slightly higher. 

For gas welding, high-strength rods GA 65 
or A.S.T.M. A 251-46 T may be used. 


Where Columbium-Treated Steels Fit In 


The need for inexpensive high-strength steels 
led to the development of the columbium-bear- 
ing grades with minimum yield points of 45,000, 
50,000, 55,000 and 60,000 psi. Columbium is 
the strengthening element in these grades (it 
refines the grain size), and by adding only 0.01 
to 0.04% of it to semikilled carbon steels, yield 
point is increased by 10,000 to 13,000 psi. 

Columbium-treated steels find most applica- 
tion where strength, formability and low cost 
are desired. Their corrosion characteristics are 
the same as those of carbon steels, but small 
amounts of copper can be added for improve- 
ment. Although specified only on the basis 
of the minimum yield point, the columbium 
steels usually contain less than 0.25% C, 

For this reason they can be welded by all 
conventional gas and electric processes. No 
pre or postweld heating is required; electrodes 
in the E60XX or E 70XX are recommended. 
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High strength, low cost and excellent weld- 
ability have made columbium-treated steels 
some of the most useful of the high-strength 
grades. Basically, they have potential in 
almost any application where carbon steels are 
used because of the cost advantage that is made 
possible by use of lighter sections. Maximum 
thickness is limited to about 3¢ in.; processing 
techniques and the question of toughness of 
sections thicker than 3, in. are now under 
investigation. 

Applications for columbium-treated _ steels 
have been in trucks and auto parts such as 
channels, wheels, tank trucks and even con- 
crete mixers. Recent interest has also come 
from the pipeline industry. In one instance 
some 800 repair sleeves for a pipeline were 
fabricated (by hot pressing, then welding in 
the field) from a grade having a 55,000-psi. 
minimum yield strength. Wall thickness of 
the sleeves was 0.344 in. compared with 0.500 
in. needed for carbon steel to provide the same 
allowable working pressure. The thinner wall 
permitted better fit up in the field, and esti- 
mated cost savings amounted to at least 35%. 


Heat Treated Steels Provide High Strength 


Up to this point, the steels which have been 
discussed are those which need no heat treat- 
ment to develop strength. These grades — 
carbon structural, high-strength, low-alloy and 
columbium-treated — are supplied in the as- 
rolled, as-annealed or normalized condition. 
To obtain yield strengths much above 60,000 
psi., more alloying elements must be added 
and the steel must be quenched and tempered. 
The result is the heat treated, constructional 
alloy steels which extend the available strength 
levels in weldable steel to 110,000 psi. minimum 
vield. 


Carefully Controlled Analysis 


As noted in the Fact Sheet, the various pro- 
prietary grades contain not more than 0.21% C. 
There are sufficient amounts of alloying ele- 
ments such as nickel, chromium and molybde- 
num for through hardening in the thicknesses 
that are available (quenching produces a struc- 
ture of martensite and lower bainite) and 
small quantities of carbide formers such as 
vanadium which retard softening during tem- 
pering and permit tempering at high temper- 
atures for maximum ductility and toughness. 

The significant feature of these steels is that, 
in addition to their high strength level, they 
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are designed for welding. They permit reduc- 
tions in weight and cost of welded structures 
and are being used in bridges, earth-moving 
and construction equipment, pressure vessels, 
and in transportation and materials-handling 


equipment. 


(Continued on p. 158) 


Aluminum 


Cnoosinc THE BEST ALUMINUM ALLOY and 
temper for a particular welded structure may 
seem complicated because of the many different 
combinations that are available. But quite a 
few of the alloys and tempers are intended for 
special service requirements such as finish, 
compatibility with a certain chemical, and 
temperature, and the actual problem of selec- 
tion does not prove particularly difficult. Of 
course, final selection of materials, welding 
process and joint design requires detailed in- 
formation. We can, however, classify alumi- 
num alloys for high-strength welded structures 
in three rather distinct groups based primarily 
on strength and economics. 


Aluminum-Magnesium Alloys 


Consider, for example, the aluminum-magne- 
sium series of alloys shown in the M-P Fact 
Sheet, p. 122. All bear the 5xxx designation 
and are designed as a group to take the fullest 
advantage of the inert-gas-shielded arc-welding 
processes (either tungsten or metal arc). These 
processes provide the highest joint strength, 
good ductility and ease of welding. The parent 
metal also has a good range of strength and 
workability. Because alloys in the 5xxx series 
do not respond to heat treatment, the strongest 
tempers are available only in cold-worked 
products such as sheet and plate. Thus, the 
aluminum-magnesium alloys find their prin- 
cipal applications in structures that are fabri- 
cated predominantly from sheet and plate and 
where welding is the method of joining. It 
should be pointed out, however, that welding 
tends to anneal the metal. Thus, in most in- 
stances, the strengthening effect of cold work- 
ing is not counted in welded structures. 


This article was prepared with the assistance of: 
Aluminum Co. of America, Pittsburgh; Kaiser 
Aluminum & Chemical Corp., Oakland, Calif.; 
Reynolds Metals Co., Richmond, Va. 
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The M-P Fact Sheet lists 31 alloy and temper combinations 
in the 5xxx series of alloys, their typical properties, standard 
products, and compositions. Obviously, the best choice for 
a given application is not always clear cut. In any one alloy, 
the stronger tempers require a larger bend radius, but the 
strength of the weld is approximately independent of temper. 
We must, therefore, decide whether weld strength or parent- 
metal strength should control design. 


Balancing Cost and Strength 


In this group there is a small price increase for the stronger 
alloys, but the various tempers offered do not involve appreci- 
able price differentials. Thus, it can be determined from the 
M-P Fact Sheet that a 37,000 psi. vield strength can be had in 
both 5456-H 321 and 5086-H 34. Because the former alloy is 
a bit more expensive, it must be decided whether the advan- 
tage in weld strength (45,000 psi. compared with 37,000 psi. as 
shown in M-P Fact Sheet) is of sufficient importance 
to offset the slightly higher price and lower ductility. 


Heat Treatment Gives High Strength 


In the second group are two alloys which are nearly iden- 
tical. The older one, 6061, has been used for many years as 
the standard general-purpose structural alloy. It is made in 
every commercial form and is widely used. The other alloy 
in the group, 6062, is a slight modification that was developed 
to improve extrusion characteristics, and other aspects that 
are of interest to a user are the same for the two alloys. 

The strength of 6061 and 6062 is developed by solution heat 
treating, quenching in water (T 4 temper) and then artificially 
aging to the T6 level. Thus, the temper is independent of 
any cold working that may have been used in fabrication, 
and the hot-worked products (for example, extrusions and 
rolled structural shapes) have about the same level of strength 
as sheet after heat treatment. 

This is the distinct advantage which these alloys have over 
those in the aluminum-magnesium group and is the determin- 
ing factor in structural applications where the design is con- 
trolled by buckling or by parent-metal strength rather than 
by the strength of the welds. There is another general field 
where the advantage of achieving maximum strength by heat 
treating rather than by cold rolling is important. Parts which 
require the annealed temper to permit forming, but still 
need a good measure of strength in service are best made of 
a heat treatable alloy. If, in addition, they are to be fabricated 
by welding, either 6061 or 6062 is a logical choice. 

These two alloys offer more strength in the parent metal 
for the money than the 5xxx group by a small margin in sheet 
and a larger one in shapes, and this frequently outweighs the 
fact that the welds are not as strong. 


High Strength-to-Weight Ratios 


The third group is comprised of three alloys which have 
the common characteristic that higher strength-to-weight 
ratios can be achieved, but extra cost and extra effort is 


Yield 


Nominal | Strength, 
Alloy | Composition, % Temper Psi 
5456 5.25 Mg, 0.80 Mn. | 0 23,000 
0.10 Cr 
| H321 37,000 
H112 24,000 
33,000 
| H323 38,000 
343 43,000 
|_H24 41,000 
5083 | 4.45 Mg, 0.80 Mn, | 0 21,000 
0.10 Cr 
H112 28.000 
H321, H113 33,000 
| H32 36.000 
| 1343. H34 41,000 
5086 | 4.0 Mg, 0.45 Mn 0 17,000 
0.10 Cr 
30,000 
H34 37,000 
H36 41,000 
H112 19.000 
5154 | 3.5 Mg. 0.25 Cr 0 17,000 
H32 30,000 
H34 33,000 
H36 36,000 
H38 39,000 
5454 | 2.75 Mg. 0.80 Mn, | 0 17,000 
0.10C 
H32 30,000 
H34 35,000 
H1l 18,000 
H3] 26,000 
6061 | 1.0 Mg. 0.60 Si 0 8,000 
0.25 Cu, 0.25 14. 145 21.000 
T6. 765 40 000 
6062 | 1.0 Mg, 0.60 Si 0 8.000 
0.25 Cu, 0.06 Cr 14, 1451 1,000 
T6. 1651 40,000 
2219 | 6.3 Cu. 0.30 Mn 0 10,000 
0.10 V, 0.15 Zr 142 27,000 
731 37,000 
137 49,000 
162 42,000 
78] 53,000 
187 58,000 
2014 | 4.4 Cu, 0.80 Si 0 14,000 
| 0.80 Mn, 0.40 Mg | T4, T45! 42,000 
{16 1651 60,000 
7178 | 2.0 Cu, 2.7Mg. | 0 15,000 
6.8 Zn. 0.30 Cr 16, 165! 78,000 
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*Properties will vary according to such factors as product thickness. For design purposes, guaranteed minimum 
properties, available from the Aluminum Association, N. Y., or the manufacturer, must be used 


+1/2-in. round specimens; all others: 1/16-in. flat specimens 


structures of this 
alloy are still in 
experimental stage 
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Typical Mechanical Properties * | 
Brinell 
Tensile | Hardness Shear Characteristics 
Strength, Elongation | (500 Kg. on | Ultimate, Governing 
Psi (in 2 In.), * 10 Mm. Ball) Psi. Standard Products Selection Applications 
45,000 24 28,000 Sheet, plate, extruded 
tube, pipe and shapes | 
51,000 | 16 | 90 | 30,000 Sheet, plate 
45,000 | 22 75 28,000 | Extruded tube, pipe and 
| shapes 
47,000 18 86 28,000 Extruded tube, pine and 
| shapes 
51.000 10 90 30,000 | Sheet | 
56,000 | 9 94 33,000 | Sheet 
, 54,000 12 92 30,000 Sheet 
42.000 22 /3 26,000 Plate, forgings, extruded 
tube, pipe and shapes | Structures designed 
44.000 16 80 26,000 | Extruded tube. pipe and | on basis of strength 
| shapes and ductility of 
46,000 | 16 84 27,000 Sheet, plate ; | welds including 
47,000 10 86 28,000 | Sheet Excellent | dump trucks, rock 
52,000 9 92 30,000 | Sheet weldability | bodies. bulk 
78.000 73000 Sheet, plate extruded Strength increases | haulers, truck 
| tube pipe and shapes . | tanks, boats 
42,000 12 17 25,000 | Sheet, plate content goes up. | cryogenic tanks 
47,000 10 86 27,000 | Sheet. plate Does not require — | and equipment, 
50,000 8 92 30,000 Sheet heat treatment | chemical processing 
39.000 | 14 68 25,000 Sheet, plate, extruded | equipment 
| | | | tube, pipe and shapes | elevators for 
35,000 | 27 58 | 22,000 | Extruded tube and shapes aircraft carriers 
39,000 15 67 23,000 
42,000 | 13 73 25,000 | 
45,000 | 12 78 27,000 
48,000 10 80 28,000 
35,000 i 25 63 22,000 | Extruded tube and shapes 
36,000 | 22 62 23,000 | Sheet, plate, extruded 
| shapes | 
40,000 10 73 24,000 Sheet, plate 
44000 10 81] 26,000 Sheet, plate 
36,000 18 2 23,000 Plate, extruded shapes | 
38,000 14 70 | 23,000 Extruded shapes | 
= 18,000 | 25 30 12,000 | Sheet, plate, drawn tube | Structures designed 
35,000 22 65 24,000 and pipe, extruded tube on basis of base 
45,000 12 95 30,000 pipe and shapes, rolled | metal properties 
shapes, rod. bar, forgings Standard Highway sign 
} impacts structural alloys structures 
18,000 | 30+ 30 12,000 | Drawn tube and pipe | in afl forme | scaffolds 
35,000 | 25+ 65 24,000 extruded tube and shapes | materials handling 
45,000 17+ 95 30,000 | equipment, piping 
| systems, large 
| radar antennas 
9,000 20 Most weldable | 
93,000 20 of the heat 
94,000 17 100 33,000 treatable aluminum =| 
60,000 | 37,000 alloys. Produces Applications 
61,000 1] 115 37,000 strong, reliable requiring maximum 
70,000 | 130 41,000 joints | strength-to-weight 
70,000 | 10 130 | 41,000 | 4 ratio. Military 
~ 27,000 | 45 18000 | Plate. extruded tube. Strong pressure vessels 
62,000 20+ 105 | 38,000 pipe and shapes, rod parent secondary aircraft 
70,000 13+ | 135 | 42,000 bar forgings, impacts |__metal structures: 
33,000 T i 60 | 22,000 ‘Sheet, plate, extruded | Strongest parent experimental 
88,000 10 160 | 52,000 tube and shapes metal. Welded structures 


; 
Aluminum for Welded Structures and 
a = 
j 
i 
| | | 


| In. (Ends of | 


15,000}—-+ 


Shear Strength, Lb. per Linear In. 


] 
20,000}-—+- Weld Machined)| 
Shear Strength of Three 
5556 | Filler Alloys Deposited by 
Size \ Fillet Size 


7 «Fig. 1—Effect of Longi- 
| 5556} tudinal and Transverse Fil- 
a eo let Size on the Average 


Inert-Gas, Tungsten-Arc or 
Consumable- Electrode 
Methods. Inset on each 
curve shows type of 
4043 specimens that were used 
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required all along the line. The most weldable 
alloy in this group is 2219 (see Metal Progress, 
September 1961, p. 87) and it is so new that 
there are relatively few actual applications. 
The strength of this alloy after artificial aging 
is dependent on the amount of cold work per- 
formed after quenching. The T62 temper, 
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Longitudinal Fillet Size, In. Transverse Fillet Size, In. 


by welding the alloy in the T 31 or T 37 condi- 
tion and then aging the complete assembly. 
This approach offers the highest parent-metal 
strength that is obtained in an aluminum alloy 
that can be termed “weldable” in the usual 
sense. Since the weld strengths are not as 
high as those of the parent-metal, care must 


: which requires no cold work, is the strongest be exercised in design. Expedients such as 
that is generally applicable to welded struc- placing welds away from extreme fibers of 
tures heat treated and aged after welding. beams, and the use of increased thickness at 
Usually the T81 or T 87 temper is achieved the welds are required to obtain a strong struc- 

Sheet Butt Joints 

Tensile Strength, Psi. 

Thickness Average 

Alloy and Range, Postweld Treatment | Filler | Average Minimum Free Bend |Guided Bend 
Temper In. Alloy* Elongation, %| Radius 
5456 Up to 2 None | 5556 | 45,000 42,000 
5083 Up to 2 None | 5556 | 44,000 40.000 | 37 | 2t 
5086 Up to 2 None 5556 37,000 35,000 | 38 2t 
5154 Up to 2 None 5556 | 34,000 | 30,000 40 2t 
5454 Up to 2 None 5554 35,000 | 31,000 | 40 2t 
6061—T6+ Under | None 5556 | 27,000 | 24000 | 17 Blot 
6061 Under 1 | Solution treat and age | 4043 | 43,000 : 10 
6061—T4 Under Age | 5556 40,000 

(tentative) 

2219-181; 187 Up to 1% None 2319 40,000 | 7 20 
2219-131; 137 Up to 1% | Age 2319 40,000 20 
2219 Up to’ | Solution treat and age | 2319 54,000 13 
2014—T6 Up to '2 None | 2319 45,000 : 

f 2014 Up to'2 | Solution treat and age 2319 55,000 
7178-16 Up to's | None | 5556 | 55,000 (ex 

| perimental) | 
7178 Up to'2 | Solution treat and age 5556 75,000 (ex- | = 
| | perimental) | 


+Alloy 6062 will perform essentially the same as 6061. 
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*A list of recommended filler alloys can be found in the Welding Handbook, Fourth Edition, 1960, American Welding Society, p.69A.29. 
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ture which will have minimum weight. 

Alloy 2014 has been used quite extensively 
in a number of missiles (Thor, Titan and 
Hound Dog) and a few other projects where 
it was possible to overcome by design the short- 
comings of the welds. Most of these have in- 
volved welding in the T 6 temper, using 4043 
filler. The recommendation to use 2319 filler 
is a recent one designed to provide more 
strength and ductility in the joint at small 
expense in weldability. 


Welding Aluminum-Zinc Alloys 


Some attempts have been made to use the 
aluminum-zine alloys in weldments because of 
their strength. Alcoa has found that the strong- 
est commercial alloy in this group, 7178, is 
easier to weld than the better-known 7075. 
Experimental pressure vessels of 7178 have 
repeatedly developed the full tensile proper- 
ties of the parent metal and have also exhibited 
adequate ductility under pressure. Only cir- 
cumferential butt welds were used. The metal 
thickness at the welds was double that of the 
rest of the sidewall. A removable back-up was 
used, and the welds were dressed on both sides. 
However, cracking tendencies are such that 
it does not seem prudent to attempt compli- 
cated weldments in alloy 7178. 


Choosing a Filler Alloy 


Finally, a word of explanation about choice 
of filler alloys. The best fillet weld is made 
with a filler alloy that is 40 to 50% stronger 
than the heat-affected parent metal to which 
it is fused. This accounts for the recommenda- 
tion of 5556 as a general-purpose, high-strength 
filler alloy even on parent metal of lower 
magnesium content. With 6061 welded with 
4043 filler and heat treated after being welded, 
there is some mixing of magnesium from the 
parent metal into the weld head. The result: 
An alloy is formed that responds to heat treat- 
ment. This action becomes less effective in 
thick material. The choice of filler alloys for 
the stronger alloys is restricted even more 
closely by the desire for high strength on the 
one hand and the problem of weld cracking on 
the other. 

Many welded structures today are inten- 
tionally designed to be fabricated primarily by 
means of fillet welds. This is largely because 
fillet welds are so much easier to fit up than 
are butt welds. Figure 1 shows how fillet size 
affects the shear strength of welds made with 
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three filler alloys, 5556, 5554 and 4043. The 
curves indicate that it may be beneficial to 
use filler alloys which are stronger than the 
base metal since less weld metal will be needed 
to obtain a joint of adequate strength. 

In summary, we find that aluminum parent 
metals and filler alloys are highly developed 
and standardized for high-strength structures 
where economy and lightness must strike a 
normal balance. In more exotic structures, 
where weight must be shaved even at high cost, 
aluminum is still in a development stage, but 
progress is being made. 


Magnesium 


By LLOYD LOCKWOOD* 


Macnesium ALLOYS LISTED in the M-P 
Fact Sheet on p. 126 can be welded by most of 
the major processes, but the gas-shielded arc 
and spot-welding techniques are the most com- 
mon. Weld-strength efficiencies range from 75 
to 100%, with most magnesium alloys exhibiting 
better than 85% efficiency. 

Gas welding, using oxy-fuel gas mixtures, 
was the first and only welding process for mag- 
nesium for a number of years. Because of the 
corrosive nature of the flux needed to protect 
the molten weld puddle and the difficulty of 
completely removing residual flux from the 
joint, it is now employed only in the smaller 
shops and on low-production items. Probably 
the major area for gas welding of magnesium is 
in emergency repairs. 


Welding Characteristics 


There are certain basic characteristics of 
magnesium which must be considered in weld- 
ing. Without exception an increase in alloy 
content also increases the solidification range 
but lowers the shrinkage and the solidus and 
liquidus temperatures. In those alloys contain- 
ing aluminum and zinc (AZ31B, AZ61A and 
AZSO0A), the aluminum content aids weldability, 
but zine induces hot shortness and may cause 
weld cracking. This trouble is not usually en- 
countered unless the zinc content exceeds 1%. 
~ ‘*Research and Development Engineer, Metal- 


lurgical Laboratory, Dow Metal Products Co., Div. 
of Dow Chemical Co., Midland, Mich. 
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Base Metal | Weld Metal: 


Weld Bead Intact | Weld Bead Flush 
Yield Tensile | Yield Tensile | | Yield | Tensile | 
Strength, | Strength, | Elongation| Strength, | Strength, | Elongation | Strength, | Strength, | Elongation 
Alloy Composition, % Temper; Psi Psi. |(in 2 In.), Psi Psi. 2 In.), %| Psi (in 2 In.) 
AZ31B | 3.0 Al, 0.4 Mn, 1.0 Zn 0 22,000 37,000 | 21 19,000 35,000 g | 17,000 35,000 10 
H24 32,000 42,000 | 15 | 23,000 37,000 4 | 19,000 | 36,000 5 
35,000+ 12+ 


| F | 29.000¢ | 38,000¢) | | 


20,000 33,000 | 23 18,000 | 31,000 | 7 15,000 | 30,000 8 
28,000 | 38,000 5 


ZE1OA | 1.2 Zn, 0.2 rare earths 0 


20,000 


HK3IA | 3.3 Th, 0.7 Zr 


= 


| 18 34.000 25,000 | 10 30,000 22,000 2 | 19,000 30,000 


HM21A | 0.6 Mn, 2.0 Th 


Extrusions 
ZK21A | 2.3 Zn, 0.6 Zr 


AZ80A | 8.5 Al, 0.18 Mn, 0.5 Zn 


HM31A/1.2 Mn (min.), 3.0 Th 15 33,000 42.000 | 10 20,000 | 30,000 | 2 


6.5 Al. 0.2 Mn, 1.0 Zn 


ZK60A | 5.5 Zn, 0.5 Zt | 41.000 5200 | 9 


| 


“Properties listed are those of sheet, extrusions and arc-welded joints 
+For AZ31B, ZE10A, ZK21A, AZ80A. AZ61A use filler rod alloy AZ61A or AZ92A. For HK31A, HM21A, HM31A use filler rod alloy £233 


ZK60A should not be arc-welded 
tProperties of extrusions (base metal and arc-welded joints) 


Those magnesium alloys without aluminum but more, these alloys do not require stress reliet 
with a relatively large amount of zinc, such after welding as do AZ31B, AZ61A and AZS80A, 
as ZK60A, lend themselves very well to resist- which must be stress relieved after arc welding 
ance welding, but arc welding is not recom- to prevent stress-corrosion cracking. 
mended because of the cracking tendency. As mentioned earlier, magnesium alloys can 
Magnesium alloys containing thorium, which be arc welded either by the gas-shielded 
provides good strength at elevated tempera- tungsten-are or gas-shielded metal-arc methods. 
tures, exhibit excellent weldability. Further- Direct current machines with continuous am- 
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Fact Sheet Magnesium Alloys for Welded Structures and Components &g 
| Me nanical Pr perties 
| 
H24 
: H24 | 30,000 38,000 g 22,000 31,000 2 31,000 4 
| | : 
é | F 28.000 38,000 | 4 33,000 5 
| } | ; 
| | | 
33,000 45000 | 16 40.000 
Zz 


Outstanding Characteristics and Typical Uses 


Best combination of strength, weldability and formability. Requires 
postweld stress relief at 500° F., 15 min. (AZ31B—0) or 300° F., 60 
nin. (AZ31B—H24). Uses include aircraft skin and control surfaces and 
missile body extrusions, materials handling equipment, luggage. Also 
available in extruded form. 


Excellent toughness, postweld stress relief not required but treatment at 
500° F. for 30 min. (ZEL0A—0) or at 300° F., 60 min. (ZE10A—H24) will 
reduce assembly stresses. Applications: storage bins, shipping containers, 
similar industrial uses. 


Retains strength at elevated temperatures; excellent weldability. Post 
weld stress relief not necessary but treatment at 500° F. for 30 min. will 
reduce assembly stresses. Used for aircraft skin and control surfaces and 
electronic control housings for missiles, skin for body and fins. Suitable 
for temperatures up to 400 to 600° F. 


High strength at elevated temperatures. Excellent weldability. Postweld 
stress relief not required but treatment at 700° F. for 30 min. will reduce 
assembly stresses. Used for aircraft skin and control surfaces, missile 
body and fin skins and forged ring stiffeners which reach 600 to 750° F 


Good strength and weldability. Postweld stress relief not required 
Companion extrusion alloy for ZE10A sheet and plate 


High strength and good weldability. Requires postweld stress relief at 
500° F., 15 min. Used as forgings and solid extruded shapes where high 
strength and weldability are required. Aircraft engine and landing gear 
forgings; extruded stiffeners and structural members 


High strength at elevated temperature. Excellent weldability. Postweld 
stress relief not required, but heating to 500° F. for 30 min. will reduce 
assembly stresses. Extruded aircraft and missile parts for use at elevated 
temperatures 


Higher strength than AZ31B at slight sacrifice in formability and weld 
abilty. Stress-corrosion cracking prevented by postweld treatment at 
500° F. for 15 min. (AZ80A—F) or 400° F. for 60 min. (AZ80A—T5). Same 
ises aS AZ31B but where higher strength is required. Examples: yard 
ramps and airframe members. 


High-strength extrusions with good toughness. Good alloy for resistance 
welding but arc welding is not recommended. Uses: forged and 
extruded aircraft and missile parts requiring high strength including 
extruded floor beams and forged engine parts and control brackets 


perage control and a-c. machines with a high- 
frequency arc stabilizer are recommended for 
gas-shielded tungsten-are welding of mag- 
nesium. Both a-c. and d-c. machines are used 
on thin gage material, but on magnesium over 
3/16 in. thick, a-c. machines are preferred be- 
cause of their better penetrating power or arc 
cleaning action. 
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For gas-shielded metal-arc welding a d-c. 
power source of the constant potential rather 
than the constant current type should be used. 


Stress Relieving 


Stress relieving after arc welding is necessary 
to prevent stress-corrosion cracking of AZ31B, 
AZ61A and AZ80A alloys. The thorium- 
containing alloys developed for applications at 
elevated temperatures, the tough, sheet alloy, 
ZE10A, which contains rare earths and zinc, 
and the zinc-zirconium extrusion alloy, ZK21A, 
do not require stress relief after welding. 
These alloys, however, may sometimes be given 
a stress-relief treatment to provide a stress-free 
assembly or to size or straighten the weldment. 
The postweld stress-relief treatments given in 
the Fact Sheet should be used. 


Resistance Spot Welding 


Spot welding is the most widely used type 
of resistance welding on magnesium alloys. 
Assemblies fabricated in this manner are mostly 
for low-stress applications such as cabinetry. 

The essential requirements for spot welding 
magnesium alloys include high welding cur- 
rent, positive control of welding pressure, an 
accurate control of welding time and rapid 
follow-up of the electrodes. Equipment in 
which these factors are controlled electroni- 
cally or are part of their design (a low inertia 
welding head, for example) are recommended. 
Alternating-current, three-phase machines are 
preferred although single phase is satisfactory. 
Direct-current, stored-energy machines are also 
widely used. The electrostatic type of stored- 
energy machine, with a time-to-peak current 
of 10 to 20 millisec., and a high transformer 
turns ratio (480 to 1) are preferred. Electro- 
magnetic, d-c., stored-energy machines have 
received limited use to date on magnesium 
alloys. 

For successful magnesium spot welding and 
to insure maximum joint strength, the follow- 
ing procedure must be observed: 

* Surfaces to be welded must be perfectly 
clean. (There must be less than 50 microhms 
surface resistance. ) 

® Electrode tips must be of high conductivity 
with water cooling to within 3g in. of the end. 

* Condensation on the electrode tips must 
be avoided. 

* Tips must be cleaned often to avoid copper 
pickup. 
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What Precoated Metal Shall I Use? 


Preplated, prepainted and vinyl-laminated metals offer 
product designers an unlimited choice of colors, textures, patterns and 


finishes. These composite materials are generally available as flat 
or coiled sheet and strip, but in special instances plate, wire and tubing 


Tue ADVANTAGES of starting fabricating 
operations with precoated metal stock are 
many, not the least of which is the potential 
for reducing production costs without com- 
promising appearance or quality. Manufac- 
turers may select either a metallic coating, 
applied by electroplating or hot dipping, or an 
organic finish, which may be an embossed 
plastic, a vinyl laminate, or a_prepainted 
coating. 


Preplated Metals 


As indicated in the M-P Fact Sheet, chro- 
mium, nickel, brass, or copper can be electro- 
plated on steel or alloys of aluminum, zinc, 
and copper to provide a wide range of proper- 
ties and fabricating characteristics. 

When handled with reasonable care, pre- 
plated metals — finished on one or both sides — 
can be fabricated in much the same manner as 
ordinary metals. These materials, available in 
bright or satin finishes in many textures and 
patterns, come in popular gages and widths 
(up to 0.108 in. thick and 24, 30, 36, 48, and up 
to 60 in. wide, depending on supplier and 
product type) and tempers (dead soft to full 
hard). 

Preplated metals may be deep drawn, bent, 
and roll-formed using procedures suitable for 
the base metal. Hydraulic presses are preferred 
over mechanical presses because deeper draws 
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can be furnished. (L-general, 8, 17-57) 


are possible and less distortion is obtained. 
Joining is accomplished by mechanical fasten- 
ers or by spot or stud welding. Polished alloy 
tips, water cooled, are recommended for spot 
welding operations. Suitable soldering tech- 
niques are also available fux most preplated 
metals. 

Steels that are electrocoated with zinc and 
tin are easier to spot weld than the heavier 
coated, hot-dipped metal. The product is 
characterized by excellent adhesion of the 
coating and a uniform, smooth surface. When 
properly treated (phosphated), zinc-coated 
sheet is particularly valuable to manufacturers 
who do not have paint-base pretreatment 
facilities. 


Hot Dipped Coatings 


Although zince-coated steel has excellent 
corrosion resistance and can be readily formed, 
special conditions are required for successful 
welding. Close control of welding schedules 
(time, pressure, heat) as well as use of a direct 
welding circuit (one weld per cycle) aid in 
producing welds on standard galvanized sheet. 
Differentially coated sheets are also available 
for spot welding applications. Maximum cor- 
rosion resistance is provided on one side with 
a normal zine coating; welding is aided by a 
much thinner coating on the other side. 
Demands by the auto, major appliance, and 
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other industries for galvanized steel with an 
improved surface finish after painting have 
resulted in the introduction of spangle-free 
sheet. The base metal carries a standard 1.25- 
oz. zinc coating for full corrosion protection. 
For surface requirements falling between stand- 
ard and spangle-free sheets, a minimum spangle 
sheet is also available. All of these products 
. can be temper rolled to further improve the 
surface. Important to design engineers, these 
wider galvanized sheets (in gages 8 through 30 ‘ 
’ and widths up to 72 in.) possess a coating which 
will withstand as much forming as the base 
metal without peeling or cracking. 


Aluminum-Coated Steel 


ig Available in two grades, aluminum-coated 
gi steel offers excellent corrosion resistance and 
cs heat reflectivity. The first type, coated with an 


aluminum-silicon alloy, can be exposed to tem- 
peratures up to 900° F. without discoloration 
and up to 1250° F. without destructive scaling. 
The material withstands moderate forming, 
drawing, and spinning operations, and it can 
be bent 180° over a diameter of 2t without 
flaking or peeling. 

The second type, coated with commercially 
pure aluminum, has excellent resistance to Wary. 
atmospheric corrosion in outdoor applications. = Cabinet Made of 

: inyl-Covered Steel 
It can be spun or embossed, but is not suitable 
for drawing. 

Standard methods of welding are used on 
both types, but techniques must be adapted to 
the properties of the material. The micro- 
structure of these aluminized steels was dis- 
cussed in the September issue of Metal Progress, 
p- 73. 

Terne-coated sheets are now produced in 
gages 16 through 30 with a carbon-steel base 
in the same grades as most other coated prod- 

: ucts—commercial, drawing quality and special 
killed. The material is useful in the manufac- 
ture of electronic parts because the lead-tin 
coating (containing 2 to 25% Sn) is easily 
soldered. It is difficult to spot weld but under 
properly controlled conditions it can be done. 


Joint for Folding Ruler 
Uses Brass-Coated Steel 


Organic Coatings Chromium-Plated Steel Strip 


Applied to steel, aluminum, and many other 
metals, the organic coatings, listed in the M-P 
Fact Sheet, are of three types: polyvinyl chlor- 
ide film laminates; roller, spray, or flow coated 
paint surfaces and liquid plastic coatings, such 
as organosols or plastisols, which are embossed 
while the plastic material is still hot. 
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Base 
Metal 


Steel 


Brass 


Zinc 


Aluminum 


Copper 


| Fact Sheet 


Coating 
Chromium 
(over nickel, 
over copper) 


Nickel 
(over copper) 


Copper 


Brass 


Bronze 
(simulated) 


Zinc 


Tin 


Lead 


Nickel 
Chromium 
(over nickel) 


Nickel 
Chromium 
(over nickel) 
Brass, copper 
or bronze 

Nickel 
Chromium 


Nickel 
Chromium 
(over nickel) 


Hot Dipped 


Steel 


Zinc 


Aluminum 


Tin 


Lead-tin 
(Terne) 


Finishes 


Bright. satin and natural in 
crimps, stripes and patterns 


Bright, satin and natural in 
crimps, strips and patterns 


Bright, satin and natural in 
crimps, stripes and patterns 


Bright, satin and natural in 
crimps, stripes and patterns 


Bright, satin and natural in 
crimps, stripes and patterns 


As-plated 
Phosphated 


As-plated 
Fused 


Natural 


Bright and satin in crimps, 


stripes and patterns 


Bright and satin in crimps 
stripes and patterns 


Bright and satin in crimps, 
stripes and patterns 


Bright and satin in crimps, 
stripes and patterns 
Bright and satin in crimps. 
stripes and patterns 


Spangled (free Zn) 
Minimum spangle (free Zn) 
Nonspangled (Zn alloy; 
post heat treated) 
All three may be phosphated 


|—Al-Si coating 

Regular (matte) or extra 
smooth (temper rolled) 
(standard thickness coating 

oz./ft.* total, both sides) 
Commercially pure Al coating 
Regular (matte) 

(1 02z./ft’ total, bota sides) 


Natural 


Satin and natural 


Precoated Metals . . . Plated and Hot Dipped 


Outstanding Characteristics 
and Properties 


Bright. decorative finish; 
corrosion and heat resistant 


Retards corrosion and tarnishing 
Oxidation resistant at elevated 
temperatures 

Strong, low-cost substitute material 
Minimizes atmosphere corrosion. Base 
for further plating: and also for tinning, 
soldering, brazing 

Decorative; strong, heat-resistant 
material. Low-cost substitute for 
expensive alloys 

Decorative; strong, heat-resistant 
material. Low-cost substitute for 

more expensive alloys 

Long life: strong, low-cost base metal: 
corrosion resistant; easy to fabricate 
Dense, peel-proof coating (no spangle) 
Phosphated surface is excellent paint 
base 


Excellent coating adherence and 
resistance to chemicals, foods, and 
atmosphere. Good solderability and 
paint base: excellent formability 


Improved resistance to atmospheric and 


chemical corrosion 


Durable, smooth finish; easily worked: 
decorative: atmosphere resistant 


Flexible, easily worked white base metal 


Easily worked base metal; no rusting 
Low-cost substitute for more expensive 


metal 


Lightweight, inexpensive, all white 
metals. Corrosion resistant, durable; 


no rusting 


Freedom from season cracking: ductile 
no rusting. Electrical properties good 


— 


Corrosion resistance with good 
formability; good zinc adherence in all 
forming and drawing operations. Paint 
adherence generally poor unless 
phospated. or special primer paint used 


Corrosion and heat resistant up to 
1250° F.: good heat reflectivity. Strong 
formable and can be welded 

Not for outdoor use 


Resistance to atmospheric corrosion 
results in long life. Not suitable for 
drawing operations; can be welded 
Not for applications above 900° F 


Improved resistance to atmospheric 
and chemical corrosion; nontoxic; base 
for soldering: reduced tool wear in 
forming: good paint base 

Excellent formability; corrosion 
resistant; easy solderability. Good base 
for exterior paints 


Applications 


+ 


Electrical appliances, reflectors, hard 
ware, trim, toys, name plates, house 
wares, flashlights 


Lighting fixtures, stove parts; radio. 
television and electronics parts; fan 
blades, flashlights, cigarette lighters 


Jewelry accessories, lamp trim and 
shades, control knob inserts, reflectors. 
buckles, handbag and luggage hard 
ware; wall clocks, trays, coasters, cur 
tain rods, dispensers, light fixture parts 
cymbals, door knobs, display stands 


Metal siding. mobile homes, garage 
doors, auto parts, dry-wall moldings 
and hardware; lawn furniture, flexible 
rulers and metal hose: refrigerator 
parts, oil cans, sliding door tracks 
lighting fixtures, screen frames, fasten 
ers, partitions, and vending machines 
Cans for food products and oil. kitchen 
ware, soldered parts, toys. detergent 
cans, frozen dinner trays. Other roll 
formed or drawn parts which may be 
lithographed before forming 


Roofing and flashing. Battery parts. and 


applications involving sulfuric acid 


Lighting and fireplace fixtures; door 
and lock hardware; rolled moldings 
housewares and trim: auto specialty 
items, electrical devices, and reflectors 


Auto accessories and trim: toys, name 


plates, and reflectors 


Badges, buttons, ornaments. trim and 
moldings 


Trim for stoves and refrigerators. license 
plate frames, lighting fixtures 


Electrical and electronic parts. eraser 


disks, buttons, fryer lids, and signs 


Automobile, bus and truck bodies and 
parts; barns, boat hulls, farm equip 
ment, filing cabinets, signs. garage 
doors, gutters, roofing, and siding 
telephone booths, vending machines 
transformers, awnings, furniture, house 
hold appliances, heating and ventilating 
equipment 

Auto mufflers and tailpipes, furnaces 
ranges, water heaters, industrial ovens 
and incinerators 


Building products, outdoor lighting fix 
tures, agricultural implements, acousti 
cal tile, cabinets, ceiling panels, inter 
ior curtain walls, industrial ductwork 
and screen frames 

Household utensils, toys, food con 
tainers, and closures 


Gasoline tanks, motor housings. radio 
and TV condenser cans, oil filters, oi! 
| cans, gaskets, cigarette-lighter housings 
| (auto); electronic parts 


Plated — EL — - 
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Base 


‘za Fact Sheet 


Metal* =| Coating Finishes 
Carbon | Laminated Unlimited choice of colors, 
steel | Vinyls textures and patterns 
2 Painted Complete range of colors in 
> Vinyls high gloss to dull finish 
Alkyds | Lithographed patterns and 
Epoxys simulated textures available 
Acrylics | 
Cellulose 
lacquer | 
| 
| 
Embossed Many embossed patterns, 
Plastisols textures and colors available 
Organosols 
Stainless Painted Good selection of colors 
steel Modified and textures (rolled patterns) 
acryiic and 
other organic 
coatings 
Aluminum Laminated Variety of patterns, 
Vinyls textures and colors 
= 
Painted Wide range of colors 
Acrylics finishes, and textures 
Vinyls (rolled pattern sheet) 
Modified 
alkyds 
Enamels 
Epoxys 
Organosols 
Plastisols 


*Brass, zinc and magnesium are also precoated 


Precrated Metals. ad Fishes 


Outstanding Characteristics 
and Properties 


Decorative; resistant to chemicals 
weather, heat, abrasion. Acoustical and 
electrical properties. Good formability; 
strong base metal 


All five coatings are decorative and 
atmosphere resistant. VINYLS have 
best formability; the tough, flexible 
coat resists damage during fabrication 
They have lower solids content and 
reduced hiding power but good exterior 
durability. ALKYDS have improved hid- 
ing power and heat resistance (to 
350° F.); are economical but have poor 
fabricating properties. Formability of 
EPOXYS is good; coatings retain color 
well and have excellent chemical resist 
ance. ACRYLICS display good stain and 
abrasion resistance; the hard film pro- 
vides good exterior durability. A CELLU 
LOSE LACQUER coating shows good 
resistance to outdoor exposure 


Decorative, textured finishes; permits 
more extensive forming and deforma 
tion than paint coatings. Excellent 
resistance to stains, chemicals, boiling 
water and to abrasion 


Decorative; strong, durable base metal 
assures maximum coating life; relatively 
expensive base metal. Excellent fabri 
cating characteristics 


— 
Decorative: resistant to heat, abrasion, 


salt water, chemicals, oils, detergents, 
and weather. Good formability 


Decorative; lightweight with good form 
ability; heat, corrosion and weather 
resistant. (Same coating properties as 
above) 


Applications 


Television ond radio cabinets, camera 
shells, home and office furniture, air 
conditioning and dehumidifier equip- 
ment, kitchen canisters, auto trim, 
home appliances, business machines, 
mobile homes, boats, wardrobes, trays, 
decorative tiling, wall panels, luggage, 
sign boards. Truck, bus and railroad 
car interiors 


Interior and exterior architectural uses, 
toys and auto trim; venetian blinds, 
furniture, appliances, roof decking, 
containers, closures, awnings, door 
paneling, storm windows, gaskets, 
shelving, aerosol tops, oil filters, base- 
board heating units, auxiliary farm 
structures, lighting fixtures, brackets, 
frames, buckles, reflectors, business 
machine components, garden tools, 
flashlights, outdoor paneling, gutters, 
downspouts 


Substitute for laminates, in some in- 
stances. Automotive trim, household 
appliances, office equipment; doors, 
wall panels and other architectural 
uses; office furniture; railroad car and 
bus interiors; baseboard heaters, house 
hold furniture. Vat and tankcar linings 


Awnings, balconies, ‘bar equipment, 
canopies, ceilings, column coverings, 
counter fronts, curtain-wall panels, 
domes, elevator cab doors, escalators, 
facades, grilles, hoods, kitchen equip- 
ment, louvers, marquees, moldings, 
mullions, partitions, siding, soda foun- 
tains, solar shades, spandrels, spires, 
subway interiors, telephone booths, 
towers, vault doors and linings, wall 
tile and window frames 

Air conditioning components and sys- 
tems; aircraft seats, window frames, 
instrument panels; bus seat backs, 
business machine housings, cabinet 
doors, cabana interiors and cases of 
all kinds; ceiling panels, furnishings 
and equipment for home, office and 
hospitals; house trailer interiors, 
kitchen cabinets, lawn furniture and 
luggage; machine housings, radio and 
television cabinets and grilles; vending 
machines 

Auto and bus trim, mobile home walls 
and roofs, door panels, roofs, farm 
structures, siding, awnings, curtain 
walls, shutters, signs, fences, duct 
work, interior partitions, refrigerators, 
air conditioners, furniture, boats, camp- 
ing and playground equipment, bottle 
closures, cabinets for electronic equip- 
ment, lighting fixtures, hospital and 
laboratory equipment, textile machinery, 
and vending machines 
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Vinyl-Metal Laminates 


What properties of vinyl make it a desirable 
material for coating metals? Vinyl is tough 
and resistant to chemicals, abrasion, and the 
weather. It provides an endless variety of 
designs, textures, patterns and color combina- 
tions, as well as heat-insulating and_noise- 
reducing characteristics. The base metal is 
strong and the composite material can be 
readily fabricated without harming the vinyl 
coating. Easily withstanding an elongation ot 
30%, the composite sheet can be sheared, slit, 
punched, crimped, stamped, drilled, bent, 
drawn, roll formed, and riveted. All these 
operations can be performed on standard fabri- 
cating equipment. 

The material can be welded; however, since 
vinyl is an insulator, current flow must be con- 
trolled from the metal side. Four basic tech- 
niques are successful: Graham stud welding: 
projection welding by capacitor discharge; 
spring-loaded electrode welding; and magnetic- 
force welding. 

A vinyl-coated metal can withstand tempera- 
tures as high as 190° F. continuously without 
loss of color, texture or adhesion. It softens 
at about 250° F., chars at 400° F., but will not 
support combustion if properly compounded. 
Vinyl-coated metals are produced in mill 
widths up to 54 in., composite thicknesses up 
to 0.080 in.; and base-metal tempers ranging 
from soft to full hard. 

Vinyl can be laminated to steel, aluminum 
and magnesium sheet as well as to tin-plated 
and electrogalvanized steel. Other good base 
materials are hot-dipped zinc-coated and alumi- 
num-coated steel. In addition to sheet, strip, 
and coil, this composite material can be ob- 
tained in tubular form. Thickness, hardness, 
abrasion and stain resistance, pattern, texture, 
color, print, and finish can be specified. In 
many decorative applications, the fact that a 
vinyl laminate can be obtained in more than 
one color pattern is an important consideration. 

Vinyl laminates on aluminum are available in 
widths from 1 to 54 in., composite thicknesses 
from 0.015 to 0.080 in., and laminate thicknesses 
of 8, 10, 12 or 14 mils. Standard base-metal 
sheet alloys — 1100, 3003, 5005, 5050, 5052, and 
3105 in H 12 and H 14 tempers — can take any 
forming the unclad metal can withstand. The 
coatings are highly resistant to salt and fresh 
water as well as oil, grease, and household 
detergents. 
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Prepainted Metal 


As listed in the M-P Fact Sheet, five types 
of paint are available to meet a variety of 
specific coating requirements. Equally as im- 
portant as coating selection is the choice of 
surface treatment prior to painting. The treat- 
ment increases corrosion resistance and im- 
proves paint adhesion for a longer-lasting finish. 

In aluminum, standard prepainted stock is 
supplied in allovs 1100, 3003, 3004, 5005, 5050 
and 5052 and in thicknesses and widths up to 
0.063 in. and 60 in., respectively. Painted on 
one or both sides with an acrylic, vinyl, or 
modified alkyd-vinyl coating, the prefinished 
strip combines the inherent advantages of alu- 
minum — light weight and corrosion resistance 
— with wide color selection and lasting beauty. 
A surface texture can also be rolled into the 
prepainted sheet. 

In precoating steel, a variety of formulations 
can be applied to coils of cold-rolled, gal- 
vanized, or tinned carbon-steel sheet. Pre- 
painted steel, available in any color, comes in 
at least five coating arrangements: same color 
both sides; different color each side; color 
one side, clear coating on reverse; full color 
one side with wash coat on reverse; and full 
color one side and tinplate on reverse. 

In addition to the many production advan- 
tages already noted for other finished materials, 
prepainted coatings function, to some extent, 
as a lubricant that protects both the die and 
the finish of (Continued on p. 156) 
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What Metal Use... 


for Resistance-Welded Thermostats? 


By RAYMOND M. SEARS* 


To be usable in 
temperature-controlling devices, 
bimetallic thermostats 

must often be welded 

to other materials. This article 
discusses the various types _ 

of materials to which the high 
and low-expansion metals 

can be welded. (K3; SGA-a) 


. for Watt and Demand Meter 


... for Space ... for Room 
Heater Thermostat 


Born MANUFACTURE AND APPLICATION of 


metals and alloys for thermostats are highly 

specialized activities. As a consequence, engi- 

neers must constantly gather knowledge of 
thermostat metals and laws governing their . for Automatic Toaster 


action, along with information concerning the 
fabrication of parts and assemblies. For 
example, to unite electrical contacts, pigtails, 
brackets, shafts, dial pointers, and other com- 
ponents of fabricated parts design engineers 
need information concerning the weldability of 
thermostat metals. 

Before discussing details, it should be stated 
that many metals, similar or dissimilar, may 
be welded satisfactorily even though their bond 
strengths may vary considerably. Thus, the 
weldabilities as expressed in the Fact Sheet are 
intended to be used only as a guide. 


... for Time Delay Relay 


Procedures Prior to Welding 


Four variables affect the production of good 
resistance welds in combinations of similar 
and dissimilar metals. They are: (a) current 
settings, pressure and welding time; (b) rela- 


*Senior Engineer, Thermostat Metal Dept., 
Metals & Control Inc., a division of Texas Instru- .. . for Motor Protector- 
ments Inc., Attleboro, Mass. Starting Relay 
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Fact Sheet 


Compositions of High and 
Low-Expansion Sides, % 


High: 61.5 Cu, 38.5 Zn 


Low: Invar (64 Fe, 36 Ni) 


Lae) 


High: 75 Fe, 22 Ni, 3 Cr 


Low: Invar (Fe; 36—42 Ni) 


High: 79 Fe, 19 Ni, 2 Cr 
Low: Invar (Fe; 36-42 Ni) 
High: 72 Fe, 14 Ni, 9 Mn, 5 Al 


Low: Invar (64 Fe, 36 Ni) 
High: 66.5 Fe, 25.0 Ni, 8.5 Cr 


wo 


Low: Invar (64 Fe, 36 Ni) 
High: 70.5 Fe, 18.0 Ni, 11.5 Cr 
Low: Invar (Fe; 36-42 Ni) 
or Type 430 stainless 
High: 80.5 Fe, 14.0 Ni, 
5.0 Mn, 0.5 C 

Low: Invar (64 Fe, 36 Ni) 
High: Silicon bronze 

(98.5 Cu, 1.5 Si) 

Low: Invar (64 Fe, 36 Ni) 
or Type 430 stainless 
High: Pure nickel 


a 


co 


wo 


Low: Invar (64 Fe, 36 Ni) 
10 High: 72 Mn, 18 Cu, 10 Ni 


Low: Invar (64 Fe, 36 Ni) 


High: ““B’ Monel (66.5 Ni, 
31.0 Cu, 1.5 Fe, 1.0 Mn) 


Low: Invar (60 Fe, 40 Ni) 


tive electrical and thermal conductivities be- 
tween the two metals; (c) plastic range; and 
(d) relative thickness or physical size. 
each welding application, all factors must be 


studied as a whole. 


Fundamentally, welding should be con- 
sidered as a metallurgical process. In this prac- 
tical approach, the engineer tries to obtain 
a balanced heat effect, if possible, before the 
design of each component is definitely fixed. 
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Welding Characteristics 


‘Readily welded over a wide range of conditions. Best welds made between alloys that 


will form intermediate phases (brasses containing 25 to 40% Zn and Monel, for example). 
Good welds are obtained on phosphor bronze, silicon bronze, nickel silver, and cupronickel. 
Fair welds are produced on nickel, nickel alloys, and mild steel. 

Can be welded to most ferrous materials, nickel and nickel-base alloys. Welds are normally 
excellent to good. 


| Can be welded to most ferrous materials, nickel and its alloys. Good to very good welds are 


normally produced. 

Nickel and an alloy of 98 Cu, 2 Ag sheet are used in different thicknesses to make a series 
of thermostats with varying resistivities. Higher currents are normally employed as the ratio 
of nickel or 98 Cu, 2 Ag alloy is increased. 

Same as high-expansion alloy 2. 

Same as low-expansion alloy 1. 

Weldability is slightly less than that of high-expansion alloy 2; electrode pressures are higher 
and currents are lower. 

As above for weldability. 

Classed with high-expansion alloy for weldability except that electrode pressures are higher 
and currents are lower. 

As above for weldability. 

Classed with high-expansion alloy 2 for weldability 

Classed with low-expansion alloy | for weldability except that slightly higher currents are 
used for Type 430 

Classed with high-expansion alloy 2 for weldability. 


As above for weldability 
Classed with high-expansion alloy 1 for weldability 


Classed with low-expansion alloys listed in 6 


| Can be welded to most iron and nickel-base alloys. It can be welded to copper and copper 


alloys such as brasses with up to 40% Zn, phosphor bronze, silicon bronze, and cupronickel. 


As above for weldability. 


| Can be welded to iron and nickel-base alloys; good to fair welds result depending on applica- 


| tion. “Flashing” of weld metal can be reduced by decreasing weld currents and increasing 


times and electrode pressures. Material should be cleaned before welding. 


As above for weldability. 
Can be readily welded to brasses containing up to 40% Zn, nickel alloys, phosphor bronze, 
and silicon bronze. Good to fair welds are also produced on iron-base alloys 


As above for weldability. 


He also attempts to assure reproducibility of 
good welds by providing the welder with the 
greatest possible degree of precise control. 

A welding projectiont on one of the com- 
ponents to be joined will also aid in obtaining 
a better heat balance in difficult-to-weld com- 
binations of metals (Continued on p. 158) 


For 


tThis is a local raised area which acts to con- 
centrate the current used in making a resistance 
weld. 


METAL PROGRESS 


= 
| 
| 
| 
4 
A 
| 
< 
| 
~ 


FOR ROLLING CONTACT UP TO 900°F. 


NEW LOW ALLOY TIMKEN STEELS 


To meet the new demands of defense and industry 
the Timken Company has developed three new 
steels for parts that must withstand rolling contact 
at high temperatures. The three steels—Timken 
TBS 600, CBS 600 and TBS 1000 are low alloy 
steels ideally suited for applications such as bear- 


ings, gears and cams. They are exceptionally clean 
and dimensionally stable and their heat treatment 
is very similar to other conventional alloy steels. 
Their alloy content and simple processing make 
them economical both in price and fabrication. 
All three are available in bars, billets and tubing. 


This through harden- 
ing steel has a recov- 
ered hardness of 59 
Rockwell C measured 
at room temperature, 
after holding 500 
hours at 600°F. Hot 
hardness at 600°F. is 
53/55 Rockwell C— 
extremely high for a 
low alloy steel. 


This carburizing steel 
has a hot hardness of 
56 Rockwell C and a 
recovered hardness 
of 61 after 600 hours 
at 600° F. at the 1% 
carbon level. Corre- 
sponding hardness for 
the core is 55 to 58 
Rockwell C. 


This low alloy steel 
was developed for 
continuous operation 
at 900°F. and up to 
1000°F. for short 
periods. Has a hot 
hardness of 54 Rock- 
well C at 1000°F., a 
recovered hardness of 
64 after 1000 hours at 
900° F. 


Write for the free booklet giving full 
descriptions of these three new Timken 
steels. The Timken Roller Bearing Com- 
pany, Steel and Tube Div., Canton 6, O. 


See us at the Metals Show, Cobo Hall, Detroit, October 23 to 27, Booth #739. 
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Are You Becoming 
Obsolete? 


Cutver City, CaA.ir. 

Your Critical Point “Are You Be- 
coming Obsolete?” in the July 196] 
issue strikes a very tender spot. In 
trying to explain why it irritates me, 
I hope you get the idea that there 
aren't as many people “looking for 
park benches” as your writeup im- 
plies. To my mind, this article is 
remiss in that it does not play the 
other side of the record. 

Let's assume, for example, that 
our man has a science degree from 
a good university, has acquired a 
personal library of reference books, 
belongs to technical societies and 
goes faithfully to their meetings and 
conventions, and attends evening 
classes to round out his education. 
What does all this get him? Does 
the employer do anything to recog- 
nize these things? What are the 
problems of the employee in apply- 
ing all this voluminous knowledge? 
And particularly, will he be encour- 
aged to put forth effort to continue 
to broaden his knowledge? 

Frankly, I think someone should 
be looking for answers to these ques- 
tions. If Metal Progress chastises 
A.S.M. members, why not criticize 
the managements of companies, 
too? If the employee does not always 
measure up to swiftly changing 
needs of the employer, there is a pos- 
sibility that management was a bit 
shortsighted. Men will rise to meet 
a challenge when given the chance, 
but supervision should create the 
proper atmosphere. 

An example of how short-range 
planning by management affects pro- 
fessional people is found in some of 
the industries doing defense work. 
Though our federal government re- 
quires bidders for defense contracts 
to show professional capability, this 
does not always help the professional 
status of the individual. Even if de- 
fense contracts do not materialize, 
the companies cannot afford to re- 
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LETTERS to tHe EDITOR 


lease too many technical people. As 
a result our A.S.M. member finds 
himself in a job with very little chal- 
lenge or incentive. 

It seems to me, also, that employ- 
ers as a rule do not consider techni- 
cal people as good material to build 
up for management positions. In 
other words, we're off the main 
stream. Because of the seeming lack 
of confidence in the ability of tech- 
nical people to learn additional re- 
sponsibilities, about the most an 
engineer can hope to achieve is 
a position in middle management. 

As a side point, do you no- 
tice the advertisements that com- 
panies often publish showing their 
modern concept of scientific ad- 
vancement? In typical illustrations, 
a man wearing a laboratory apron is 
posed at a bench covered with a 
complicated glassware setup. More 
often than not, he is operating the 
equipment incorrectly. 

As a final remark, your usage of 
the phrase “running twice as fast 
as that” to get somewhere really 
puts the average engineer on a tread- 
mill. Could it be that the “new fron- 
tier” at A.S.M. headquarters does 
not have the same respect for the 
A.S.M. member that the old frontier 
had? Heaven help us if this is true. 
My membership dates from 1940, 
and in all this time I don’t recall 
reading anything published by the 
Society that has rubbed me _ the 
wrong way as much as this article. 
In my opinion, metallurgists and 
technical people need someone to 
champion their cause, not to tear it 
down. The general tone of your ar- 
ticle seems to imply that the increase 
in scientific information has caused 
a state of utter confusion with which 
we engineers cannot cope. We're all 
ready for the “park bench”? Roll out 

the hearse! 
KENNETH E. VANDAVEER 


UNIVERSITY PARK, Pa. 
In the July 1961 issue you ask 
technical men the daring question: 
“Are You Becoming Obsolete?” The 
answer is simple: We all are obso- 


lete and always will be. Though 
some realize it more than others, 
others live a life of the stone age. In 
fact, there seems to be less and less 
learning from generation to genera- 
tion. Specialization starts sooner, and 
curricula can be finished in a short- 
er time. The idea of studying and 
obtaining knowledge for its own sake 
seems to have become obsolete. 
Most people would go along with 
your statement that the billions of 
money spent by research and devel- 
opment organizations and the many 
hours dedicated to such work have 
resulted in a “staggering increase of 
knowledge”. You might scare them 
with the idea that the knowledge 
they need for their profession dou- 
bles every so many years, and that 
they leave a trail of “obsolete know!- 
edge” behind them. However, in 
rebuttal, facts and figures may 
change during the years, but basic 
knowledge cannot be obsolete. Nor 
can it be measured in billions of dol- 
lars, manpower years or percentages. 
While the number of words printed 
and dollars spent rise to astronomi- 
cal figures, the amount of new and 
useful knowledge is very small in- 
deed. There is an increasingly great 
danger of losing the needle of knowl- 
edge in the haystack of printed 
matter. 
Kart M. WEIGERT 
Assistant Professor 
Pennsylvania State University 
Epitors’ Note—In publishing the 
Critical Point “Are You Becoming 
Obsolete?”, we meant only to stress 
that the professional development of 
a technical man was largely depend- 
ent upon his own actions, and that 
he must strive to keep abreast of his 
field. It might be added that man- 
agement surely bears a responsibility 
in making the fullest use of its tech- 
nical talent if only for its own benefit. 
And in this critical period of the na- 
tion’s history, it is even more impor- 
tant that each and every technical 
man be employed to his extreme 
capability. Since this “Critical Point” 
seems to have hit a nerve, we would 
be interested in further comments. 


METAL PROGRESS 


Sy 
7 
: * 
a 
q 
. 
4 
+ 


HARDENING 


the 


VERSATILE 
AGF 


Reduce your heat treating costs with an automatic AGF ; 


Rotary Retor t F urnace Continuous Rotary Retort Furnace... the furnace with the 


BUILT-IN feeder hopper. 


No production requirements are too small or too large... 
SIZES AVAILABLE FROM 100 LBS. PER HOUR TO 2000 LBS. 
PER HOUR... These versatile, positive feed furnaces can 
handle batches of different parts with only a slight inter- 
ruption in feeding. 

A wide range of rotary furnace models permits us to supply 
a standard furnace with only slight modifications to suit 
your specific installation requirements ... Standardized de- 
signs mean lower furnace cost in terms of dollars per pound 
of work capacity. 


Write us today regarding your requirements. 


AMERICAN GAS FURNACE CO. 


| 1004 LAFAYETTE STREET + ELIZABETH 4, 
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MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN . . . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS ... 
when you “Let Mueller Make It”, 


you are utilizing one single source 


that is able to produce parts any one 


of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 


as castings. 


MUELLER HAS THE METALS... . and 
. to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 


the materials . . 


each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 


neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers ...and no matter 
where you’re located, it will pay you 


to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 
PORT HURON 28, MICHIGAN 
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Nitriding . . . 


(Continued from p. 83) 


detrimental effects in later nitriding 
operations. The ability to develop 
and retain high core strength and 
toughness, even with long nitriding 
cycles designed to give the maximum 
case depth, is quite important since 
it indicates that higher crushing 
loads may be sustained. Illustrative 
of this is the use of nitrided Vasco- 
jet 1000 in power gears operating 
under Hertz loads of 150,000 to 
200,00 psi. for several hundred hours 
at temperatures to 550° F. Figure 1 
shows an experimental gearbox in- 
corporating these gears. 

As with other alloy steels, testing 
has demonstrated that maximum in- 
trinsic surface hardness of H11 steel 
varies with the degree of tempering 


70) 
= | 
3 
at 
8 60} 
a 
| 
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tride-forming elements result — in 
heavy surface area reaction which 
interferes with nitrogen diffusion ca- 
pabilities. Because of this, case 
depths of only 0.010 in. (max.) are 
produced by treatments of 30 to 40 
hr. However, a case of 0.0005 to 
0.0010 in., useful and adequate for 
such applications as drawing dies, 
tools and the like, may be attained 
in about 1 hr. 

Because of their high chromium 
and nickel contents, the Type 300 
stainless steels are also difficult to 
nitride; the alloy content hampers 
development of deep cases. This 
class of material may be considered 
for applications involving sliding 
contact wear where’ mechanical 
strength is not of prime importance. 
High hardness penetration of a few 
thousandths of an inch is usually 
adequate and typical of that pro- 


| 


Test Temperature, © F. 


Fig. 2 - Hot Hardness Tests for Three Nitrided 
Steels. Note high resistance to softening at 
elevated temperatures. All hardness readings 
are converted from Rockwell 15-N; samples were 
held 30 min. at temperature before testing 


(and, therefore, with the core hard- 
ness) because of the effects of alloy 
removal by carbide precipitation. 
For example, further work in our 
laboratories has shown that an ex- 
tremely high case hardness (Rock- 
well C-75 by conversion) results 
when the carbon content of H11 is 
decreased from 0.4 to 0.2%, even 
when nitriding temperatures as high 
as 1020° F. are employed for 70 hr. 
With this lower carbon grade, core 
hardness may be maintained as high 
as Rockwell C-50. 
Higher-Alloy Grades 

Many high-alloy steels such as the 
M and T types of tool steels can be 
nitrided to high hardness levels. 
However, the great amounts of ni- 


duced in a cycle time of 20 hr. 
Deeper cases may be produced, but 
these are normally brittle. 


Wear Properties and Temperature 


High temperature is one of the 
many problems encountered in deal- 
ing with wear phenomena of metal 
surfaces in intimate moving contact. 
Very simply, high temperatures can 
create metallurgical instabilities in 
unprotected surfaces, and decrease 
hardness and strength. Often, this 
results in high rates of wear and 
early failure through scoring, seiz- 
ure, or galling. 

High temperatures may arise from 
friction alone or through high am- 
bient temperatures. The problem of 
high wear is particularly difficult to 
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MUELLER CAN MAKE MOST ANYTHING 
IMPACT EXTRUSIONS... 


We don’t really make locomotives, but the 18 

different Cold-Prest impact extrusions represented 

in the model were cold forged to exacting tolerances from 
a number of aluminum, copper, brass, and steel alloys. 


These parts are employed in products ranging from door 

closers to missiles. Mueller has also made important advances 

in the production of copper impact extrusions that are especially 
adaptable to electronic applications. Cold forgings are precision 
produced to exacting tolerances and offer the additional advantage 
of a better finish and appreciable metal savings. 


Mueller’s flexible facilities for the production of Cold-Prest Impact extrusions 

make practical long or short runs of simple or relatively complex shapes on an 
economical basis. In addition, the entire Mueller engineering staff, excellent machining, 
finishing and assembly facilities are readily available to you when you .. . 


LET MUELLER MAKE IT! 


Write today tor Engineering 
MUELLER BRASS co. Manual No. FM-3019 


PORT HURON 28, MICHIGAN 


OCTOBER 1961 Circle 1459 on page 48-B 


4 
— 
344 
139 


For almost every 
hardness testing requirement ._ 


There’s a Wilson Rockwell” 


instrument to do the job 


Wilson Rockwell”’ Hardness Test- 
ers can help make your products 
better, stronger, longer lasting. 
They give reliable results on the 
production line, in laboratories, in 
tool rooms, and in inspection de- 
partments. They’re as easy to use 
as a center punch, as durable as a 
machine tool, as sensitive and ac- 
curate asa precision balance. That’s 
why Wilson “Rockwell” is recog- 
nized as the world’s standard of 
hardness testing accuracy. 


for Catalog RT-60. 

vee | It gives complete details on 
the full line of Wilson hard- 

ness testing equipment. 


TWINTESTER 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


“ROCKWELL” 
SUPERFICIAL TESTER 
for extremely shallow 
indentations 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 


Wilson ‘‘Brale”’ 
Diamond Penetrators 
give Perfect Readings 


A perfect diamond pen- 
etrator is essential to 
accurate testing. Only 
flawless diamonds are 
used with Wilson 
“Brale” penetrators. 
Each diamond is cut to 
an exact shape. Micro- 
scopic inspection and a 
comparator check of each dia- 
mond—one by one—assure you 
of accurate hardness testing 


every time. 
” See us in Booth 952 


“ROCKWELL” 
HARDNESS TESTER 
for most hardness 
testing functions 


TUKON 
for precision micro 
and macro testing 


AUTOMATIC—semi and fully automatic 
models for automatically 
pieces at rates to 1,000 pieces per hour 
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Nitriding . . . 


solve in the aircraft industry, be- 
cause rising operating temperatures 
have limited the effectiveness of lu- 
bricants, and, therefore, greater in- 
trinsic wear resistance of the ma- 
terials employed is required 

Two tests which can be used to 
screen materials for wear applica- 
tions might be mentioned. The first 
is the hot-hardness test which is 
widely used in evaluating materials 
for sliding or rolling contact wear in 
gears, seals, pistons and bearings. 
Results of such tests with nitrided 
materials, demonstrating hardness 


72 Hr. 


H11 (0.2 C) 
0-—-+—+— + + 


(15 Hr., 960° F., Bal. 980° F. 
70; 


Hardness, Rockwell C 
o 


Depth, In 


Fig. 3—Variation in Hardness 
With Depth Below Surface as a 
Function of Nitriding Time. 
Specific nitriding cycles for three 
A.L.S.I. grades are listed on the 
charts; Rockwell C hardnesses 
are converted from Tukon read- 
ings made with a 500 g. load 


retention and stability through 700° 
F., are shown in Fig. 2. Tests show- 
ing how hardness depths vary with 
nitriding are shown in Fig. 3. 

A second bench test, directly dem- 
onstrating resistance to sliding wear, 
is used in our laboratories. The ap- 
paratus, a Hohman A-6 wear tester, 
provides control of loading, speed, 
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CYANANMID 


Eliminate scaling and decarburization 


in heat treating, without special atmospheres — through the use of salt baths. Use AEROHEAT* 


heat treating salts for uniform, economical results in electric, gas or oil fired furnaces. For further 


"information about Cyanamid chemicals for the metal industry or technical assistance, mail coupon. 


CYANAMID CHEMICALS FOR THE METAL INDUSTRY 


HEAT TREATING SALTS: AEROHEAT 1700 1800°F to 2400°F; AEROHEAT 
1400 1650°F to 2150°F; AEROHEAT 1000 1050°F to 1850°F; AEROHEAT 
1200 1300°F to 1600°F; AEROHEAT 400 450°F to 1100°F; AEROHEAT 300 
325°F to 1100°F; Nitriding Salt 900°F to 1150°F. 

CARBURIZING AND CASE HARDENING COMPOUNDS: AEROCARB® E and 
W, A and B Case depths .005” to .045”, S and R, D Case depths .005” to 
.150”; AEROCASE® 28 and 510 Case depths .005” to .050”. 

OTHER CYANAMID METAL CHEMICALS: AEROMET® metollurgical additives 
for nitrogen addition to and desulfurization of ferrous metals; AEROSOL ® 
surface active agents; metallic stearates; acids and other heavy chemicals. 


AMERICAN CYANAMID COMPANY 


PROCESS CHEMICALS DEPARTMENT « 30 Rockefeller Plaza, New York 20,N.Y. 
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American Cy id Company 
Process Chemicals Department 
30 Rockefeller Plaza, N.Y. 20, N.Y. 
Please send me technical data about 
[_] Cyanamid Salt Baths 
|) Other Cyanamid Metal Chemicals 


Company 
Addre 
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NEW KODAK 


METAL-ETCH 
RESIST 


opens new chemical-milling 
applications 


Speeds up, simplifies deep etch 
weight reduction and parts manu- 
facture. Reproduces fine-line detail 
as in plating, dial and name-plate 
making. This new photographic 
process ends time-consuming hand- 
work, results in high accuracy. 
Kodak Metal-Etch Resist withstands 
acids, alkalies, electrolytic fluids 

. adheres well to aluminum, 
titanium, magnesium, stainless and 
other alloy steels. High stability 
and strict uniformity simplify vol- 
ume production. Send today for a 
detailed 16-page brochure that 
gives all the facts. 


Text for this advertisement was set photographically 
No statement or suggestion is to be considered a recommenda 


tion or inducement of any use, manufacture or sale that may 
infringe on any patents now or hereafter in existence 


Graphic Reproduction Sales Division 


| | 

| EASTMAN KODAK COMPANY | 
Rochester 4, N. Y. 

| Please send me a copy of the booklet, | 

| “Etching, Chemical Milling and Plating | 

| with Kodak Metal-Etch Resist’’ (P-36). | 

| Name | 

| Company 

| Street 

| City 

| Zone State 

| ‘ 

| 

| 10-55 TRADE MARK 
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Nitriding . . . 


lubricant, temperature, and cover at- 
mosphere. Test pieces of materials 
which take the form of “rub-shoes” 
are loaded through a system of 
weights and levers against the sec- 
ond test element, a driven rotating 
“ring”. Wear is evaluated as a func- 
tion of test conditions employed by 
measurement of static and kinetic 
coefficients of friction, rub-shoe wear 
scar, change in the surface finish of 
shoe and ring, and an arbitrary scor- 


ing or “pickup” rating scale. S$ 


Bearings . . . 
(Continued from’ p. 103) 


of the soft bearing alloy, the cast 
bearing has the higher coefficient of 
friction. The range in values shown 
represents chatter, caused by a 
“stick-slip” or instantaneous seizure 
mechanism. The use of these alloys 
is extremely limited above 550° F., 
as evidenced by the sudden increase 
in friction. Furthermore, the alloy 
is considered unusable in the fluid 
because of metal corrosion rather 
than friction. 

The effect of increasing chromium 
content on the bearing properties of 
bronzes is illustrated in Fig. 2. 
Comparisons between a 4% Cr tool 
steel (A.1L.S.I. M50), a 5% Cr steel 
(Halmo — 0.60 C, 1.00 Si, 5.00 Cr, 
5.25 Mo, 0.65 V) and chromium 
plate are shown. This illustrates 
the effects of surface conditions and 


alloying. The higher the chromium 
content, the less surface interaction, 
and the lower the coefficient of fric- 
tion. Chromium does not alloy as 
readily with copper as does iron. 

Figure 3 represents some data 
for the silver alloys listed in the Fact 
Sheet. The rapid rise in friction 
with temperature of coin silver 
makes it unusable with steel in this 
fluid. Though the coefficient of 
friction of the sintered tungsten- 
silver alloy is higher than that for 
pure silver or silver-lead, the alloy 
is also harder and stronger. Thus, 
a higher PV rating is still obtained 
(see Fact Sheet for comparative PV 
ratings). 

The data show that silver alloys 
are very useful as plain bearings in 
intermediate temperature ranges, 
400 to 700° F. Sintered alloys 
which contain silver have also been 
used up to 1000° F. Though me- 
chanical weakness of silver limits the 
application of heavy coatings dras- 
tically, alloys designed to provide a 
hard, strong matrix containing dis- 
persed silver (such as those of tung- 
sten or nickel silver) can provide the 
necessary backing. However, ma- 
chining and assembling these mate- 
rials represents something of a 
problem because of the hardness and 
brittleness of the matrix. 

The cermets and ceramics used at 
extreme temperature are very sensi- 
tive to contamination by the fluid. 
As the temperatures increase and 
successively harder materials are ap- 
plied as plain bearings, designers, 


Fig. 1 — Coefficient of Kinetic Friction as a Function of 
Temperature for Two Types of Bearings. As is evident, 
the cast bearing has a higher coefficient than the 0.030- 
in. bearing coat backed with steel. In each instance, 
the bearing material was bronze containing 10% Zn and 
10% Pb; tests were run in chlorinated silicone fluid 
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Partial Listing of Uses for 
OFHC Brand Copper... 


(OF A MOVE 


OFHC copper is more than: just coppe 
opper designed to be oxygen-free fom ge start to the e 
processing. An ea desi 


essary, rr el in wire drawing. Too, 
uh ishes on tough jobs such as cold hobbing. 


a ‘Users prefer OFHC brand copper because, 

qualities, they are assured of high uniform electrical and’ the 

conductivity. Extra resistance to oxide scale flaking at higher-tha 

a usual temperatures is another advantage. Characteristics like the 

ke OFHC brand copper the choice’ for such critical applications 
ar strons, multiple cavity magnetr For the extra rigid requirements set 
by the electronic industry, Amco also 
copper. Guarantees include a very low 
impurity content of high-vapor-pres- 
sure elements along with a higher 
resistance to hydrogen embrittlement 
than specified by ASTM #170-47, 
Section 6. 
Circle 1463 on Page 48-8 
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QuiK-Konnect 


PLUGS AND JACKS 


New Honeywell QuiK-Konnect Plug and 
Jack Assemblies provide fast, fool- 
proof connection of thermocouples to 
extension wire, and thermocouple ex- 
tension wire to instruments. Inserts of 
different diameter positive and negative 
poles insure correct polarity every time. 
Inserts are easily removed for field 
calibration change or replacement, and 
can be furnished in different metals to 
match thermocouple alloy. Honeywell 
Quik-Konnect Accessories include iden- 
tos, cable clamps, and tube adapters. 


Get complete details from your nearby 
Honeywell field engineer, or write today 
for Specification Sheet FS 005-3. 
Minneapolis-Honeywell, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
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Fig. 2 —Coefficient of Kinetic Friction of Two Chromium-Containing 
Steels (M50, Top Curve, and Halmo, Middle Curve) and Chromium-Plated 
Bronze as a Function of Temperature. With increasing chromium, the 
coefficient of friction drops; this is probably due to the decrease in surface 


fabricators, and users will need more 
care in maintaining the cleanliness 
ot the system to exclude contami- 
nants larger than the clearances. 


Rolling Contact Bearings and Gears 


The major criterion governing the 
selection of materials for rolling con- 
tact bearings and gears to be used at 
elevated temperature is hardness at 
the operating temperature. Stabil- 
ity is equally important. Up to 300 
to 350° F., A.LS.I. 52100 is most 
often used, and the 4% Cr, 4% Mo 
steel (M50) is very widely em- 
ployed at temperatures to 600° F. 
In fact, the latter steel has become 
an industry standard. M1 tool steel 
may be used to about 800° F., and 
temperatures up to 1000° F. have 
been mentioned for tungsten steels 
(T15) and some experimental al- 


interaction since chromium alloys less readily with copper than does iron 


loys. Design figures depend largely 
on the time-temperature-load-envi- 
ronment characteristics of the use. 

Where corrosion resistance is 
needed, Type 440C stainless can 
be used. However, hardness-tem- 
perature characteristics limit it to 
applications below about 450° F. 
Vanadium and molybdenum modifi- 
cations of the basic Type 440, how- 
ever, extend the useful range to 
600° F. Temperatures in excess of 
1000° F. require the use of ceramics 
(pyroceram, for instance) or car- 
bides such as chromium carbide or 
titanium carbide. 

For bearing cage materials, which 
may also be selected from the Fact 
Sheet, iron-silicon bronze, “S” Monel 
and “S” Inconel, with or without 
silver plating, are most widely used. 
Use of the 5% Cr die steels for re- 


Fig. 3 — Coefficient of Kinetic Friction as a Function of 
Temperature for (1) Silver, (2) Silver-Lead, (3) Coin Silver, 


and (4) Silver-Tungsten-Graphite. 


As is apparent, coin 


silver is unusable above 500° F. with steel in the testing fluid 
(disiloxane) because of the rapid rise in coefficient of friction 


0.3 

= Coin Silver 

=0.2 \ 

£ 

Silver-Tungsten-Graphite 

\ 

$0.1 

é Silver 

V5 JSilver-Lead 


150 250 


350 450 550 650 


Temperature, ° F. 


METAL PROGRESS 


‘ 
‘ | | 
| | 
} | 
0 3 L | | + 
4 | | | 4 Cr Steel 
5% Cr SteelA 
» 
t 
- 
< 
al 
~ 
| 
4 
| 
Circle 1464 on page 48-B 
3 
|_| 
tp 


The Buyers Guide 
For Metals Engineers 


U.S. Potent No. 2,896,511! 
Other Patents Pend 
U.S. end Conede 


@ Now with the TENSILTWINS, what- 
ever your testing methods or materials, 
you can have perfect precision ma- 
chined physical test speciments in less 
than two minutes. 


@ TENSILKUT precision machines all foil, film, sheet 
and plate metals . . from .0005” foil to .500” plate. Hard 
.001 stainiess steel! foil to soft 42” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to + .0005”. Machined edges are com- 
pletely free of cold working or heat distortion and re- 
quire no hand finishing 


@ TENSILKUT table and floor models are available with 
motors from ¥2 to 2¥2 h.p. Write for free brochure. 


e TENSILGRIND precision grinds phys- 
ical test specimens from high alloy 
refractory metals and hardened sheet 
and plate metals to RC 65 


@ The test samples are precision ground by a series of 
light passes of the metal against @ 7 inch diameter 
contoured grinding wheel. The matched master templates 
accyrately control the specimen configurations to 
>.0005" and are interchangeable with TENSILKUT tem- 
plates 

@ TENSILGRIND is mounted on a metal cabinet and 
includes a totally enclosed Y2 HP motor, micrometer 
adjustments, built in radial diamond wheel dresser, and 
solenoid controlied misting system to insure cool grind- 
ing of test specimen edges. 


Write for descriptive literature. 
SIEBURG INDUSTRIES wcorroraten 


Danbury Industrial Park, Danbury, Connecticut 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


einstantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

e@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
eccurate and direct readings of virtu- 
ally any coating on any base, including: 


e Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

e@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

e Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 


testing problems 


ir process ||| 


ASSEMBLIES, INC. 
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product defects 


getting you down? 


let us help you... 
find hidden cracks 


with magnetic particle or dye 
penetrant inspection equipment 


find deep-lying defects 


with x-ray or gamma 
radiography equipment 


see “innards” directly 


with bright-image fluoroscopes 


work out the method 


at our Industrial Applications Lab 


call any local Picker office 


where a technical expert is always near 
(see ‘phone book) or write 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Ploins, N.Y. 
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145 


: 
TensitKur’ THENEW | 
| | 
ry 
v 
| 4 = 


DP 
DP 
DP 
DP 
DP 
DP 
DP POLISHERS 

for Metallography 


“DP” Method Diamond 
Polishing for Absolute 
Uniformity, Speed 
and Economy 

Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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Wa nt Precise 


Investment Castings? 


Get High Production 
with Finer Finish! 


Uco @ Sherwood Wax injection 


Presses, 
@ Saunders “Blue Wax"’, 
@ Refractory Materials 
@ Fluidized Beds, 
@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 
or complete catalog! 


Alexander Saunders 


; & CO., INC. 
95 Bedford Street, York 14, 


Circle 36 on Page 48-B 


ALL KLEAR 208 


SOLUBLE 
CUTTING OIL 


best for all 

Machining Operations 
including Threading, 
Tapping and Broaching 

1 - Higher load-carrying capacity 

2 - Lower cost per gallon 

3 - Closer tolerance through better 
cooling 

4 ~ Higher film strength 

5 Finer finish 


3401 W. 140th S$t., CLEVELAND 11, OHIO 
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NEW SMALL 
PORTABLE 
2CU.FT.-130 © 
REFRIGERATOR 


ron | 
STING rey 


New Harris Model 2L-2-075 rolls easily on 
casters. Famous Harris Cascade Refrigera- 
tion holds —130°F. within 1° dependably 
with minimum service. Protected against 
high pressure should power fail, re-starts 
automatically. Superior Harris performance 
at a modest price. Send for FREE literature 


and data sheets on “blue chip’ users. (@) 
ARRI 302 River St. 
Cambridge 39, Mass. 
Since 1934 
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MULTI MOTION DIES*.... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS.... 


® Tensile Bars 
Transverse Bars 
® Green Strength 
Bushings 


produces an ultra 4 Kt 
satin bright deposit that is 
free; is extremely ductile and 
tight grained with exceptiona! 
heat resistance. 
Contai brighteners, eithe: 
organic @f imorganic; NO free 
cyanide? M@ harsh alkalis or 
acids; econ@mical to operate c 
simple 


Slugs 
Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 


@ will copper lamine DL- 1001 shapes in lab 
TENSILE TEST BAR 
hy MPA STANDARD presses. 
@ resin for chromic oe 10-08 “PATENTED 
and fe chloride etchants. 
© HALLER, INCORPORATED 
|| 16580 Northville Rd. Northville, Mich. 
@ fxccllent selderability, eve Circle 40 on Page 48-B 
after prol 
@ fuses perf 


Specialists in 
metal surface treatments 


KENVERT “chromate Coatings, 


Bright Dips and Chemical Deburrings— 
s Aluminum, Copper, Brass, Zinc, Cadmium, 
purity will Zinc Die Castings 


@ Meets all Mil. Zine, Cadmium 


Class 1 24 Kt P KENVERT Buffing Compound Remov- 


ers, Synthetic Detergent Type—All Metals 


directly on. stale 
1, kovar ond 


@ May be pla 
less steel, md 
alloys. 


@ Due to its ext 
discolor when 


Write for general summary Fact Sheet with 
details for over 50 products. 


CONVERSION 
CHEMICAL 
CORPORATION 


10! E. Main St., Rockville, Conn. 
Phone: TRemont 5-3357 


LICENSEES: 
Nicromatic Ltd., Toronto, Canada 
Silvercrown Ltd. London. England 
Dr. Schlotter, Geislinge Steige, Germany 


Plant: Cranston, R. |. 


Chicago Office: 7001 No. Clark St. 
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ALDRIDGE INDUSTRIAL OILS, Inc. 


Save Time! 
Test Accurately! 


TESTERS 


..answer the need for a light- 
weight, accurate tester for on- 
the-job testing of flats, rounds 
and other items such as large 
gears, knives, saws, etc. 


Send for free bulletin 


AMES PRECISION MACHINE WORKS 
Waltham $4, Mass., U.S.A 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Stainiess 
‘ws have 
clean—bright ane 


Srar srainzess scacw co. 


647 Union Bivd., Paterson2,N. J. 
t= Telephone: CLifford 6-2300 
Direct N.Y. Phone Wisconsin 7-6310 

Direct Phila. Phone WAlInut 5-3660 
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CORROSION | 
RESISTANT 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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NON-DESTRUCTIVE 
INSPECTION 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for production testing 
of steel bars, wire rod, and tubing. Detects 
surface and sub-surface flaws and variations 
in composition and physical properties at 
speeds of 120 ft. per minute. 


MULTI AND SINGLE 
FREQUENCY EQUIPMENT 


Eddy current equipment for testing non- 
magnetic metal tubing, bars and wire, Ye” 
to 3” in diameter, for surface and sub- 
surface flaws, at speeds from 200 to 600 
ft. per minute. Multi-Frequency unit offers 6 
simultaneous inspection methods, including 
2 for indicating variations in mechanical, 
physical and metallurgical properties. Single 
Frequency unit offers 1 inspection method, 
and when used with D.C. energization, tests 
both magnetic and non-magnetic materials. 


ROTOTESTER EQUIPMENT 


Electronic equipment for inspecting drawn 
coiled steel wire, from %” to 1”, at die 
block. Detects flaws at normal draw speeds 
without marring material surface. 


COMPARATORS AND 
METAL TESTERS 


Electronic instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
structure. 


MINUTES 
FROM SPECIMEN 
TO PICTURE 


AUTOMATIC ALL-PURPOSE 
ELECTRO-POLISHER 
s Better results 
= Polishes larger area 
Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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BRINELL 
TESTS without 


microscopic 
measurements 


the Gries REFLEX hardness tester 
covers the ENTIRE range of hard- 
ness from the softest to the very 
hardest. It yields standard test 
data by Zeiss automatic projection 


system—the ultimate hardness test- 
er for research and routine inspec- 
tion. 


Ask for bulletin No. A-14 


® 


* 
. 


GRIES INDUSTRIES. INC. 
_ Testing Machines Division 
NEW ROCHELLE 3.N Y 
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DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi 
Method Equipment, inspection and demagne- 
tization are simultaneous. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials and 


Circle 45 on Page 48-B 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
Por information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Ine. 


3401 


W. 140th 


St., Cleveland 11, Ohio 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 
maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


Circle 49 on Page 48-B 
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95 Park Avenue 
Nutley 10, N, J. 


NOrth 1-1515 


Circle 51 on Page 48-B 


Cc...) For the simplest 


or most complex 


ALUMINUM 
EXTRUSIONS 


Nothing is too intricate or difficule for 
Jarl. Four extrusion presses—including a 
new mammoth unique 3300 ton press 
make possible maximum versatility and 
widest possible range of highest quality 
low-cost 


Alumilite 
Anodizing 


SOLID EXTRUSIONS UP TO 
A CIRCUMSCRIBING 
CIRCLE. ROUND 7” TUBES. 
RECTANGULAR 9” x 3” TUBES. 
Send for stock die catalog 
or send rough sketches for 
help with your design. 


JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
Circle 52 on Page 48-B 


200 new & useo HEAT TREAT Furnaces 


10902 CEDAR RD. 


BUY WITH CONFIDENCE 
UNCONDITIONALLY GUARANTEED 
LESS THAN 50% OF NEW PRICE 
IMMEDIATE DELIVERY 
WE WILL BUY BACK 
TRADE, LEASE, OR TERMS 


We will engineer to your requirements 


All types available from stock 


FURNACE CO, 
SION OF 
AAA MACHINERY & 
EQUIPMENT COMPANY 
CLEVELAND 6, OHIO 


SW 1-3900 
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15 Day FREE Trial 


Guarantees Satisfaction 


ECTRONIC 
S TESTER 
L 955 


Model 955 determines the thi, 
of decorative and heavy 
silver, tin, cadmium, zinc, brass, copper, 
nickel, lead, and other metallic deposits 
on various base metals. hapa 
accurate . Direct reading . 
simple operation. 


ANY 


6 S. ST. 
CHICAGO 
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| ultrasonic cleaning... “write, wire or oday 
TESTING 
THICKNES?: 
PRECISION CASTING co. 
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Wilson “Rockwell” 
TWINTESTER 


Measures both “Rockwell” and 
*“Rockwell’”’ Superficial hardness 
on B, C, N, T and other scales GET A BID FROM 


e Easy to operate—change from 


“Rockwell” to ““Rockwell”’ super- 
ficial testing in seconds 


e Large direct-reading dial with 

one zero set position for all scales SPECIALISTS IN THE FIELD OF 
e Complete equipment includes 

cowl, ball penetrator for B and Die C asti ngs 
T scale, ‘“Rockwell’’ test blocks, SINCE 1922 

anvils, dust cover, and protective Aluminum and Zinc 
sleeve set 

e Complete line of accessories 
available 


Wile to Dept. DU. Ask for Bulletin TT-59 Instrument panels of Magic Chef ranges are 
extrude ricated and anodize y 
WILSON “ROCKWELL GENERAL EXTRUSIONS, INC. This is an 
other example of a leading manufacturer solv- 
4ARD% ESS TESTERS ' ing his requirements for durability, beauty and 
utility with G.E.1.’s uniform quality and unfail- 
Wilson Mechanical co ing Discuss yous 
Instrument Division needs—one part or a million—wit 
GENERAL EXTRUSIONS, INC. 
American Chain & Cable [cr , . = 4040 Lake Park Road, Youngstown, Ohio 
Company, Inc. Die Castings Division Sales Offices at St. Louis, Pittsburgh, 
30-F Ne York 17, N. y= North Canton, Ohio Chattanooga, Cincinnati and Cleveland 
2 Park Avenue, New Yo! - : Consult your classified phone book 
In Canada— Hamilton, Ontario 
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HUPPERT ELECTRIC FURNACES AND OVENS 
for Laboratory and Plant 


FLOOR MOBELS 
28 Standard Sizes 


Continuous operation to 1850°F.— 
intermittent to 1950°F.—for 2300°F. 
on special order. 


BENCH MODELS 


Range: 300°F. to 2000°F. 

High temperature, heavy-duty Kanthal 
elements 

Multi-insulation 

Counter-weighted, tight-sealing door 
Operational pilot light 

Shipped ready to operate 


Complete with automatic electronic 
controller. 

Tight-sealing, wedge-type door. 
Multi-insulation for maximum 
efficiency. 


Inside Prices 
Dimensions 220 Volt Single Phase 
With Huppert] With Elec- 
High | Deep Input tronic Prop 
Controller Controller 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


*For 2300°F. add 
$95.00 to No. 11 and F 3 $296.00 $480.00 
No. 12, and $105.00 to ste? 2 306.00 518.00 
No. 12A. No. 12A con a 382.00 590.00 — 
be furnished for 3 phase 18 490.00 698.00 Also Special Models for Specific Requirements. 


ot no additional cost ial KR 310 

odd H. HUPPER T c o. Special KR-Supers to 3100 F. 
to above prices. 

No. 869 standordly sup- i Manufacturers of Electric Furnaces and Ovens 

plied for 2200°F. For A Quarter Century Request new catalog on 


furnaces, ovens, data, prices. 


6844 Cottage Grove Ave., Chicago 37, Illinois 
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HEAT RESISTING ALLOYS 
ee Circle 55 on Page 48-8 
Magic\Chef turns to G.E.I. 
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Two series (8012 and 8608) of ‘'space- 
saver’' combination heat treating 
furnaces are produced by Lucifer Fur- 
naces, Inc. Hardening, drawing or 
preheating, and quenching operations 
can be performed with one furnace. Each 
furnace has separate controls permit- 
ting independent operation of each 
unit. The 8012 series chambers operate 
at 2300, 2000 and 1250° F.; while the 8008 
series chambers reach 2300, 2000, and 
800° F. The furnaces operate on standard 
line voltage . . . no transformer neces- 
sary. Twenty standard low-cost models 
are available and each is a complete 
unit . . . just connect to power 
supply. 


For information about the ‘'space- 
savers'’, our complete line, or free 
engineering advice, call on... 


LUCIFER FURNACES, INC. 


Neshaminy 7, Pennsylvania 
Diamond 3-0411 
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NOW .. mount Specimens 
BY THE DOZEN 


in less than 20 minutes 
with 


Quickmount 


new, self-curing, clear plastic 
mounting material for metal- 
lographic examinations 
SAVES TIME * EASY TO MIX 
ELIMINATES 
HEAT and PRESSURE STEPS 
Order a TWO Unit Introductory 
Package today .. . . $11.00 


(makes more than 100 mounts 
one inch diam. x %” high) 


FULTON METALLURGICAL 
PRODUCTS CORPORATION 


4710 Ellsworth Ave., Pittsburgh 13, Pa. 
MUseum 1-7550 
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TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
® NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

M 

NEWAGE INDUSTRIES, INC. 
222 York Road Jenkii 
TUrner 48494 
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__Dept. MP 


More than 10,000 
in use: 


> 


‘ 


For quick, precise measuring 
of nonmagnetic thicknesses 


Eilcometer Thickness Gauge measures 
thickness of porcelain enamel, paints, 
platings, foils, glass, paper, plastics and 
other nonmagnetic coatings—with a 
guaranteed + 5% + .0001” accuracy. 
Handy pocket-size, it gauges flat or 
curved surfaces and hard-to-get-at 
spots easily. Needle-locking button 
assures correct reading every time. 
Now available in fifteen double-scale 
models, with contact spheres,‘‘V”’ block, 
or flat bases. 

Complete with tough leather case, 
inner pocket for test strips, and carry- 
ing harness. Weighs only 6 oz. 


ONLY ¢ 75 
83 F.0.B. Cleveland 


Write for free Iustrated Folder 
FERRO CORPORATION 
4150 East 56th St., Cleveland 5, Ohio 
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Rockwell-scaled 
HARDNESS TESTER 


POCKET SIZE 
and PRECISE 


Test Block accurate instrument 
only $39.50 complete 


A steel ball of exact weight and hard- 

ness is dropped from an exact height, 

insuring a precise reading in Rock- 

well C scale. Ideal for spot or produc- 

tion checking. Used in many of the 

finest plants and shops. Get ‘'on-the- ‘ 
job"' readings anywhere with depend- 

able accuracy. Easy to use, easy to 

read. No moving parts to get out of 

adjustment, even if the instrument is 

dropped. A one-year warranty protects « 
against defects in materials and work- 

manship. 


Send for one or more today at this 
low price. Satisfaction guaranteed. 


Detroit Hardness Tester Co. 
pet.opp.tor Box 397 © Franklin, Michigan 
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The Westinghouse Standard Control Division at Beaver, 
Pa., compared New free machining Uniloy 303MA* stain- 
less steel with regular Type 303. The part—a close 
tolerance spring end support for circuit breakers and con- 
trol equipment—was machined from }4-inch stock. Here 
are the production line results: 


AISI Type 303 New Uniloy 303MA 
Spindle Speed 890 1180 
Surface Ft. per Min. 115 155 
No. Pieces per Hour 110 144 


Tool Life Form tool sharpened Form tool sharpened 


3 times every 8 hours once every 6 hours 
New Uniloy 303MA also machined cleaner and smoother 
to produce higher quality parts. It is now specified in all 
*U.S. PATENT NO. 2,900,250 


BOOSTS STAINLESS PART 
PRODUCTION 31% WITH NEW 


FREE MACHINING UNILOY 


applications formerly calling for Type 303 stainless steel 
at this plant. 

Cut your production costs! Order New Uniloy 303MA 
at your nearest Universal-Cyclops steel service center or 
sales office. Ask for your copy of the “Uniloy 303MA” 
brochure. 


UNIVERSAL 
( CYCLOPS 


STEEL CORPORATION 
EXECUTIVE OFFICES: GRIDGEVILLE, PA. 


STAINLESS STEELS / TOOL STEELS / HIGH TEMPERATURE AND REFRACTORY METALS 
Circle 1429 on page 48-B 
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Bearings . . . 


tainers in the 400 to 800° F. range 
has been reported as has the use of 
chromium-plated retainers. 

Gears for high-temperature appli- 
cations may be selected from the 
same group of materials employed 
for antifriction bearings. Ordinarily, 
a measure of core toughness is de- 
sirable, and a case-hardening steel 
is specified. Up to about 350° F., 
carburized 9310 or 9315 steel is 


used. Above this temperature, a 
higher chromium-molybdenum car- 
burizing grade such as A.I.S.I. H11 
may be used, or a nitriding grade, 
Nitralloy N or 5 Ni, 2 Al. The ni- 
triding steels provide a higher sur- 
face hardness with a core hardness 
of about Rockwell C-40, but the car- 
burizing grades are limited to a mini- 
mum core hardness of Rockwell 
C-50 to 55 if the lowest case hard- 
ness desired is Rockwell C-58. 
(More information on __ nitriding 
steels is given on p. 82.) 


ULTRASONIC PROBLEM 


BUSTERS by BRANSON 


FLAW DETECTION 


SONORAY® ULTRASONIC 


FLAW DECTECTOR 


SONORAY detects and locates flaws. SONORAY 
measures thickness and detects metallurgical varia- 
compact portable low cost. 


tions. 


ULTRASONIC PROCESSING 


SONIFIER* 


Emulsifies on a continuous basis up to 20 gallons 
an hour. Can also be used for dispersion of solids 
in liquids and for homogenization studies. 


of tank 


FROM $225 


portable 


ULTRASONIC CLEANING 


$2,750 


VIDIGAGE® 


¢ thickness gaging from one side fe 
accurate to + 0.5% 
easy to operate 
gages metal, plastics, giass 


$750 


SONOMATIC * 


e fully automatic for maximum efficiency 

¢ automatically tunes itself to optimum 
operating frequency 

* activity meter indicates cleaning effectiveness 


CUSTOM ENGINEERING | 


Branson's experienced, factory-trained specialists are ready to assist you anywhere 
in the U. S. for your custom engineering needs. Tell us about your particular prob- 
lem and Branson’s engineering department will try to find the best possible 


solution in the shortest possible time. 


3 


* Trade Mark 


oe RANSON INSTRUMENTS, INC. 


Ultrasonic Power Division + Uitrasonic Test Division 


6 Brown House Road, Stamford, Conn. 
Circle 1430 on page 48-8 
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For applications that involve in- 
termittent sliding velocities which 
are relatively slow (10 to 50 ft. per 
min. maximum), either molybdenum 
disulfide or graphite are the most 
common lubricants. These materials 
are bonded to the metal needing 
lubrication in films about 0.0005 in. 
thick, the usual bonding agent being 
a thermosetting resin. Since the 
resin is useful only up to 400° F., 
other binders such as metal or ce- 
ramic are needed when the operating 
temperature is higher. Teflon fluoro- 
carbon can be used up to 450° F., 
metal up to 800° F., ceramics be- 
tween 1200 to 1500° F., and glasses 
as high as 1800° F. 

Teflon is available in a wide vari- 
ety of forms impregnated with glass, 
graphite or metal for application as 
a bearing material or coating. It ex- 
hibits extremely low friction, but is 
limited in maximum operating speed. 
Above about 500° F., Teflon be- 
comes mechanically unstable, de- 
composing rapidly at 750° F. to 
give off poisonous products. It is 
also subject to creep, cold flow and 
stress relaxation and undergoes a 
radical volume change (1.0 to 1.8%) 
at a transition temperature of 65 to 
77° F. 

Resin-bonded films are also widely 
available commercially. Metal pre- 
treatment is of primary importance 
since it affects the wear life of films, 
but it does not radically affect the 
frictional properties. Several metal- 
bonded films are available which ex- 
tend the useful range of dry films 
to 800 to 1000° F. 

Ceramic dry films have been de- 
veloped by the National Aeronautics 
and Space Administration in recent 
years. These films are a ceramic 
compounded from lead oxide; they 
show great promise for use above 
1000° F. 

A number of glass materials are 
available for lubrication at elevated 
temperatures. Ordinarily, these are 
for a one-time-only application such 
as metalworking, since they become 
brittle at low temperature. 

Selecting a bearing material to be 
used at elevated temperature and 
the development of design data is 
often a cut-and-try procedure. Lub- 
rication, a prime requirement, may 
be obtained in several ways. For 
example, it could be produced by a 
surface reaction between the work- 
ing fluid and the sliding or rolling 
materials, by a reaction between the 
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“With us, dependability is all-important, because 
our entire melting line is served by one blower. We 
selected a Spencer blower because we like its record { 
of reliability”’. 


THE AMERICAN HARDWARE CORP. 


NEW BRITAIN, CONNECTICUT Further evidence of 


Spencer Reliability... 


World’s largest maker of locks 
and builders’ hardware. 


10 FURNACES SERVED BY A SINGLE SPENCER BLOWER 


Throughout the metalworking industry, SPENCER blowers are 
first choice because of their: 

DEPENDABILITY—Simple, rugged construction—lightweight im- 
pellers the only moving parts. Result: reduced wear: long term, 
uninterrupted operation. 

COMPACTNESS—Sturdily built...with no unneccessary bulk. 
NON-CONTAMINATION FEATURE—Ali bearings are outside 
of casing. Therefore, there's no internal lubrication. . . air cannot 
become contaminated .. . delivery of clean air is assured. 

EASY MOUNTING—Vibration-free operation simplifies attach- 
ment... permits freedom in positioning. 


Request Catalog No. 126C containing com- 
plete specifications on Spencer blowers, 
available in standard capacities of: 

to 1,000 H.P. 

Up to 20,000 C.F.M. 

4 oz. to 10 Ibs. pressure 
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Calibrate to 


with L&N Precision 
Checking Equipment 


Growing emphasis on accuracy of tem- 
perature measurements has probably 
focused your attention on the need for 
precision equipment for thermocouple 
calibration. 

Power plants, for instance, have 
found that they can _ substantially 
decrease fuel costs when turbine ther- 
mocouples are checked regularly for 
accuracy. In brazing processes for air- 
craft and missiles, where a 1.0 F varia- 
tion is critical, thermocouple calibra- 
tion is vital to the entire operation. 

In the installation shown above, 
individual thermocouple wires are 
being checked against a platinum 
reference standard. The equipment 
consists of a: 


9003 Checking Furnace ...... $750.00 
CF-19S Alloy Equalizing Block. . 356.00 


7553 Type K-3 Potentiometer.. 730.00 
9834 D-C Null Detector ..... 295.00 
7308 Standard Celi! ......... 36.00 


Prices subject to change without notice 


For more information about this 
equipment, contact your nearby 
L&N office, or write Leeds & North- 
rup Company, 4927 Stenton Avenue, 
Philadelphia 44, Pa. 

* At the fixed points. 


LEEDS IN NORTHRUP 


Instrumenis Automatic Controls « Furnaces 


“Pioneers in Precision” 
Circle 1432 on page 48-B 


atmosphere and the mating mate- 
rials, by applying a dry lubricant, or 
by using a duplex bearing structure, 
one phase of which is soft. In all 
instances, the desired effect is a 
surface film having a low strength 
or resistance in the direction of mo- 
tion and a high strength in the di- 
rection of loading. In short, bearing 
materials for elevated temperature 
are selected according to their com- 
patability with the fluid and atmos- 
phere used, their resistance to 
seizure or welding with the shaft 
material, and their mechanical and 
dimensional stability. 


Cryogenics . . . 


(Continuer from page 115) 


brittle at ambient temperature, re- 
mains relatively unchanged at low 
temperature. Parts normally made 
of cast iron, such as rotary pump 
bodies or the bodies of large, low- 
pressure valves, can thus be used at 
low temperature as well as at ambi- 
ent. It is important, however, to 
make certain that thermal strains in 
piping, for example, do not place 
undue stress on such parts. Type 
2 Ni-Resist, containing spheroidal 
graphite with 24% Ni, provides a 
tough, low-temperature alloy for cast 
parts. 

Conventional fluid lubricants can- 
not be used between movable parts 
at extremely low temperatures since 
the lubricants freeze and prevent 
motion. But galling and seizing of 
the rubbing surfaces frequently oc- 
curs when a lubricant is not used. 
To avoid this, it is helpful to em- 
ploy different metals for both mov- 
able members, particularly with 
austenitic stainless steels or alumi- 
num alloys. There is considerable 
improvement, for example, if a valve 
stem of stainless steel operates in a 
bronze bonnet instead of one made 
of stainless steel. 

If bonded graphite or a plastic is 
used for one member of a friction 
pair, it generally is superior to any 
metal. Plastics, however, undergo 
such great shrinkage in cooling to 
cryogenic temperatures that they 
bring on other problems. Filled 
Teflons are used to a considerable 
extent in this area, and Teflon- 
coated metal parts offer another pos- 
sible solution. If liquid oxygen is 
present, the choice of plastics and 
metal for rubbing parts is further 


limited because high concentrations 
of oxygen can react violently with 
most organic materials and also with 
ferrous metals. 


Soldering and Brazing 


Joints in cryogenic equipment are 
frequently made by soldering or 
brazing in preference to mechanical 
methods, particularly if the joint is 
located in a vacuum chamber where 
a slight leak would render the entire 
vacuum system ineffective. Soft 
solder (50% Pb, 50% Sn), used 
primarily with copper equipment, is 
seldom satisfactory for leak-tight 
joints in high pressure systems or 
where the temperature rises above 
ambient. It is also brittle at low 
temperatures. 

Many of the problems with soft 
solder are avoided by using a hard 
solder or silver braze. Such joints 
are useful, for example, in joining 
stainless steel to copper or its alloys. 
Brazes containing phosphorus, how- 
ever, may be brittle. When brazing 
stainless steel, it is important that 
it be in an annealed condition. If 
it has been cold worked, there may 
be cracking and penetration of the 
stainless by the molten braze metal. 

Direct brazing of an aluminum 
alloy to a stainless steel part results 
in a brittle zone in the fused metal. 
But considerable success has been 
achieved with this combination by 
using an intermediate member of 
pure silver, which is welded to the 
aluminum member with an alumi- 
num-silicon alloy, and to the stain- 
less member with a silver rod. 

Welded vessels for cryogenic serv- 
ice are tested in the normal manner 
with x-rays, hydrostatic and air tests. 
Many cryogenic containers are in- 
sulated with vacuum and require 
additional tests to insure against 
leaks so small that they cannot be 
detected with normal methods, but 
which could cause the high vacuum 
to deteriorate rapidly. 

The Freon leak detector is sensi- 
tive to a leak of about 1 cc. in 10 
days. The newer leak detectors 
based on the helium mass spec- 
trometer, however, are sensitive to a 
leak of 1 cc. in 300 years. Further- 
more, they give quantitative data 
on the magnitude of the leak so that 
vacuum performance can be assured. 

The welded vessel is tested first 
as a complete unit, usually by evacu- 
ating the vessel while the exterior is 
bathed in helium gas held in place 
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X-RAY DIFFRACTION AND SPECTROSCOPY 


VERSATILITY! 


RCA’s horizontal goniometer performs 6 functions 


Unusual versatility is an important distinguishing 
characteristic of RCA’s X-Ray Diffraction and Spec- 
troscopy Equipment. This versatility is graphically 
demonstrated by the horizontal goniometer which 
can perform six different functions merely by adding 
accessories, as illustrated above. 


RCA X-Ray Diffraction and Spectroscopy Equip- 
ment offers many other outstanding features which 
make it one of today’s most specified lines. For 
example, the DC regulated and filtered power sup- 
ply; the option of mounting two tube stands on the 
Crystalloflex IV; a kit which permits conversion 
from diffraction to spectroscopy in minutes; and the 
new vacuum spectrometer for analysis of light and 
heavy elements. For those engaged in film studies of 
all kinds, the RCA Table Model Crystalloflex IT can 


1. Counter Tube Diffractometry. 2. Spectroscopy. 3. Single Crystal Studies. 
4. Spectroscopy of Small Areas. 5. Vacuum Spectroscopy of Light and 
Heavy Elements. 6. Studies of Orientation. 


be bought, complete with cameras, for as little 
as $4000. 


A NEW LEASING PLAN now makes it possible to 
obtain all RCA scientific instruments, including the 
Electron Microscope, with no down payment, low 
monthly terms, and a favorable option to buy. 


For complete information write to RCA, 
Dept. A-72, Bldg. 15-1, Camden, N.J. 


‘The Most ‘Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 


Crystallofiex IV and Electronic Circuit Panel with Diffrac- 
tometer and Guinier Camera mounted on the generator. 
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Cryogenics . . . 


by a plastic membrane. In the event 
of excessive leakage, localized leak 
detection methods must be used to 
locate the leak for repair. It is ob- 
viously important that the metal and 
welding process used for the vessel 
be such as to assure maximum free- 
dom from porosity; leak detection 
and repair can be very expensive. 
The following trends in the fabri- 


cation of cryogenic equipment are 
predicted for the future: 

© New alloys and welding meth- 
ods will be developed and cheaper 
materials will supersede some of the 
popular materials in current use. 

© The low-temperature limits for 
improved carbon and low-alloy steels 
will be extended downward as more 
knowledge is gained. Better rules 
will be developed for low-tempera- 
ture service. 

© New special alloys having ex- 


Ky 


Twin 40’ gantry-type furnaces 
and a huge car-type furnace with 
a 27’ x 12’ x 6’ capacity form the 
nucleus of Commercial’s ultra- 
modern heat-treating facilities, 
located in the heart of industrial 
America. 

With two completely equipped 
plants and a full-time staff of 
expert metallurgists, Commercial 
offers one of the most modern and 
complete heat-treating services in 
the country today. 


See us at the Metal Show, 
Booth #1007. Ask us about our 
new heat-treating processes. 


/ 


. “LEADS THE 


STEEL TREATING CORP. 


6100 Tireman Ave. * Detroit 4, Mich. 


31440 Stephenson Hwy. * Madison Heights, Mich. 
Circle 1434 on Page 48-B 


tremely low thermal conductivity 
and high strength will find a ready 
market when they are developed. 

® Data on low-temperature prop- 
erties of metals will be extended to 
liquid hydrogen (—423° F.) and 
helium (—452° F.) temperatures. 

© Improvements will be made in 
test methods for measuring and speci- 
fying toughness at low temperatures. 

© The construction of vessels for 
use at low temperatures will con- 
tinue to increase both in quantity 
and diversity of application. 6 


Precoated Metals . . . 


(Continued from p. 132) 


the base metal. Present  fabri- 
cating equipment can handle high- 
gloss to dull-finished prepainted stock 
with only minor changes in clearance 
settings. 


Stainless Is Now Precoated 


Stainless steel sheet and strip may 
also be obtained in a choice of baked 
organic coatings. Already thoroughly 
tested for exposure to weather, 
chemicals, and physical abuse, it 
combines the strength and corrosion 
resistance of stainless steel with the 
added versatility of full color selec- 
tion. An important advantage of 
precoated stainicss is its exception- 
ally long life in outdoor exposure. 
Compared with other painted 
metals — including galvanized steel 
and aluminum — test samples have 
held up at least five times as long 
(over 39 months) in a Florida sea- 
coast environment. 

Intéresting effects can be ob- 
tained by combining various colors, 
perforations, and burnishing pro- 
cedures on smooth or texture-rolled 
sheet. The material can be drawn, 
bent, and rolled to an extreme de- 
gree without damaging the color 
coating. 


Embossed Plastic Coatings 


There is another type of coating 
— both decorative and. functional — “ 
that is applied to metal sheet by 
spraying or roller coating with a 
liquid vinyl dispersion. Depending 
on compound and method of appli- 
cation, the warm coating, varying 
in thickness from 0.008 to 0.021 in.. 
then enters embossing rolls where 
the texture or pattern is impressed. 
Previous comments regarding form- 
ability and availability of laminated 
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WITH VANADIUM-ALLOYS 


high spee 


the difference 


is in your favor! 


Among High Speed Steels of identical analysis 
made by different manufacturers, you'll find 
a difference in performance at the working 
point. And you'll find the greatest difference 
when you compare a Vanadium-Alloys brand 
against the field! 

The reasons are fundamental. Our melting 
techniques are based on many years of the 
only specialized tool steel production experi- 
ence in the industry. Our methods of forging, 
rolling and heat treating are exclusively our 
own—developed to insure the bonus of extra 
performance in every single grade of steel we 
make. 

As tool steel specialists for over fifty years 
we produce many grades and brands, to but 
one standard of excellence: FIRST QUAL- 
ITY, unvarying. We suggest you prove for 
yourself that the difference in performance is 
always in your favor with Vanadium-Alloys 
High Speed Steels. Let us consult on your 
applications. 


Nationally popular grades 


VASCO SUPREME VASCO M-7 
NEATRO VAN-LOM 

RED CUT COBALT VASCO M-2 

VAN CUT RED CUT SUPERIOR 
E.V.M. 8-N-2 


VANADIUM-ALLOYS STEEL COMPANY 


GENERAL OFFICES: LATROBE, PA. 


DIVISIONS: Anchor Drawn Steel Co. * Colonial Steel Co. * Metal 
— Corporation * Pittsburgh Tool Steel Wire Co, * Vanadium- 
Alloys Steel Co. 

SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited * Vanadium- 
Alloys Steel Societa Italiana Per Azioni « EUROPEAN ASSOCIATES: 
Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) 
* Nazionale Cogne Societa Italiana (Italy) 
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FLEXIMET 


Here’s a multi-purpose lu- 
bricant for dry drawing and 
hot dip-dry film coatings. 
It promotes plating quality 
finish in multiple high speed 
drafting of high and low 
carbon steel and bright fin- 
ishes on aluminum, bronze 
and special alloys. Opera- 
tional usage also includes 
tube drawing, sizing and 
shape drawing of steel, 
chrome and nickel alloys 
and non-ferrous metals. 

WRITE FOR BULLETIN 26 
and details on other FLEXIMET 
products 


* A metallic base lubricant, 80% sodium 
stearate base formulated with rust 
inhibitor and bonding agent. 


SWIFT & COMPANY 
CHEMICALS FOR INDUSTRY 


DEPARTMENT 
115 W. Jackson Blvd. 
Chicaae 4, Ill. 


106TH YEAR 
Circle 1436 on page 48-B 


Precoated Metals . . . 


vinyl coatings apply equally well to 
this new material. The process does 
not yet offer the wide selection of 
colors, patterns, and textures that 
vinyl laminates do. Organosol and 
plastisol coatings can claim an im- 
portant advantage over ordinary 
painted metal stock: More extreme 
forming and deformation are per- 
mitted. In addition to decorative 
applications, vinyl dispersion coat- 
ings have held up well in heavy-duty 
industrial applications such as lin- 
ings for tanks and vessels carrying 


corrosive chemicals. 8 


Steel... 


(Continued from p. 121) 


Good Welding Characteristics 


Heat treated constructional alloy 
steels are, of course, not as easily 
welded as the other steels listed in 
the Fact Sheet but their chemical 
analysis has been carefully chosen 
to prevent great difficulty if a few 
simple precautions are taken. 

For example, it is important to 
keep hydrogen out of the weld to 
prevent underbead cracking. When 
manual-arc welding is done, low- 
hydrogen electrodes which match 
the strength of the base metal should 
be used; their coatings must be dry. 
Inert-gas-shielded metal-arc welding 
and submerged-are welding can also 
be employed. 

Another important consideration 
is the cooling rate which is produced 
during welding. Under normal con- 
ditions, cooling is rapid enough to 
produce the desired microstructure. 
But preheat is not usually recom- 
mended and small weld beads and 
stringer-bead, multiple-pass deposits 
should be used. The idea behind 
these recommendations is to obtain 
a cooling rate that is fast enough to 
produce martensite and lower bain- 
ite. Only then will the weld and 
its heat-affected zone match the 
strength and toughness of the base 
metal. 

Engineers have also counted on 
the versatility of stainless steels in 
designs which require high strength 
and weldability. The result has 
been that these steels have assumed 
new and growing importance for 
structures used at high and low tem- 


peratures, in the transportation and 
chemical industries, and, more re- 
cently, in the aircraft and missile 
industry. In Metal Progress next 
month, the characteristics of stain- 
less steels — from the ferritic grades 
to the high-strength precipitation 
hardening and semi-austenitic grades 
— will be discussed. The article will 
also point out factors that are im- 
portant to the proper application of 
stainless in welded structures. © 


Thermostats . . . 
(Continued from p. 134) 


and thicknesses. Such projections 
are normally formed on the thickest 
component except where the elec- 
trical and thermal conductivity of 
the alloy with the thinner gage 
greatly exceeds that of the heavier 
component. 

Since strip is usually supplied in a 
bright, clean condition, it seldom 
requires further cleaning prior to 
welding. However, if materials are 
stored for long periods, they often 
become contaminated by rust, oxide, 
oil, grease, paint and dirt, all of 
which are normally detrimental to 
welding. Therefore, before weld- 
ing, all such substances should be 
removed from the surface by chemi- 
cal or mechanical cleaning. This 
improves weldability considerably, 
and helps maintain consistency of 
the welds. If possible, the parts 
should also be welded prior to the 
stabilizing heat treatment required 
on thermostat metal parts. When 
this is done, a reducing atmosphere 
is not needed. (When heat treat- 
ment is specified, either a reducing 
or oxidizing atmosphere is em- 
ployed, the former being used when 
subsequent welding operations are 
to be made because it leaves the 
surface in a clean, bright condition. ) 

The Fact Sheet lists most of the 
alloys for the manufacture of ther- 
mostat metals. All of them can be 
welded to the materials which are 
normally considered weldable. Of 
course, the degree of metallurgical 
bond depends on many factors, just 
as it does with single-component 
materials. Thus, as stated before, 
this chart was prepared as a quali- 
tative guide to the engineer who 
uses thermostat metals. 
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. PRE-HEAT 

1. At controlled rate (adjustable), 

2. At rate of slowest zone, or 

3. At maximum rate on all zones 
. SUB-SOAK 

1. Hold for given length of time, or 

2. Hold only until all zones reach this temperature 
. PRE-HEAT 

1. At controlled rate (adjustable), 

2. At rate of slowest zone, or 

3. At maximum rate on all zones 
. SOAK TEMPERATURE 

Hold time adjustable between 0-10 minutes 
. COOLING 

1. At maximum rate, or 

2. At controlled rate 
. Initiate Further Cooling 
. Hold Time adjustable between 0-8 hours 
. Maximum Heating Rate 
. Hold Time adjustable between 0-3 hours 
. End of Program 


When temperature uniformity is a must...reproduce your heat- 


treating cycles with L&N’s new master-slave program control 


Designed for applications where temperature uniformity 
is of prime importance, L&N’s new master-slave program 
control system has the flexibility to take your product— 
with minimum temperature gradient—through various 
heating and cooling cycles. It is currently being used in 
brazing stainless steel honeycomb panels for supersonic 
aircraft and missiles. 


You can use this system on either batch or continuous 
furnaces . . . can control from either work or furnace 
temperatures. Heating cycles may be at a fixed rate, or 
at the rate determined by the slowest or fastest heating 
zone. As many as twenty-four zones may be automati- 
cally controlled by one master-slave programmer. 


This master-slave system is available with 3-action 
P.A.T. control for fuel-fired furnaces; with 3-action 
C.A.T. control for continuous, stepless regulation of 
input to electric heaters or blankets; or with D.A.T. con- 
trol for either electric or fuel-fired furnaces. 


The system includes Speedomax® H controllers with 
appropriate couples and control devices for each zone; 
and a master-slave programmer for automatically and 
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continuously adjusting control-point for each zone. 


If your process can benefit from precisely controlled heating 
and cooling, you may be surprised to learn how large a 
return you can get by modernizing with this quality instru- 
mentation. For details, call your nearest L&N office, or 
write us at 4927 Stenton Ave., Phila. 44, Pa. Ask for 
Process Data Sheet 660(2). 


Thermocouples 


Final Control Final Control Final Control 
Device Device Device 


Control Soak 
Point Temperature 


Master/Slave Programmer 


N NORTHRUP 


Automatic Controls « Furnaces 
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Julius Heuschkel 


Jutrus HeEvuscHKEL, consulting 
welding engineer at the Westing- 
house Electric Corp.’s research lab- 
oratories in Pittsburgh, was awarded 
the 1960 James F. Lincoln Gold 
Medal by the American Welding 
Society for “the greatest original con- 
tribution to the advancement and 
use of welding” reported in the 
Society's Welding Journal during 
1960. His paper on “Weld Metals 
in Nickel-Base Alloys” gives the re- 
sults of a series of experiments con- 
ducted to provide basic technical 
and engineering information on the 
composition, tensile properties, mi- 
crostructure and hardness of several 
nickel-base weld metals, and to 
establish how these properties are 
altered by temperature. Weld 
metals containing 12 metallic ele- 
ments were studied. 

After obtaining his degree in en- 
gineering from Montana State Col- 
lege in 1929, he worked with the 
Bureau of Ships and then U.S. Steel 
Corp. before joining Westinghouse 
in 1944 as a research engineer in 
the research laboratories. He was 
named manager of the metals join- 
ing section three years later and then 
in 1956 took on his present job. He 
also heads a company-wide commit- 
tee on metals joining. 


Eugene C. Clarke 


Three men from the Chambers- 
burg Engineering Co., Chambers- 


burg, Pa., will receive Edward 
Longstreth Medals from the Frank- 
lin Institute at Medal Day cere- 
monies on October 18. The award 
for a modern method of forging 
metal into parts by use of the “Im- 
pacter”, a horizontal forging hammer 
based on the eounterblow principle, 
will be made to EUGENE C. CLARKE, 
former president and now director, 
Rosert L. ALcorn, JR., research en- 
gineer, and Henry A. Weyer, chief 
engineer. The Longstreth Medal, 
founded in 1890, is made in recog- 
nition of inventions of high order 
and for particularly meritorious im- 
provement and developments in 
machines and mechanical processes. 
Mr. Clarke began his career in 
industry at Philadelphia Electric Co. 
in 1915, taking leave from the com- 
pany for several years to serve in the 
U.S. Army. After the war, he re- 
turned to the organization, then in 
1921 left to join Chambersburg 
Engineering as production man- 
ager, becoming vice-president and 
general manager in 1923 and presi- 
dent in 1931. He retired as _presi- 
dent in 1956, but continued to serve 
as director. 
After his graduation from Grove 


City College in 1936 (with a B.S. 
degree in engineering), Mr. Alcorn 
went on to graduate work in diesel 
engineering at Penn State, then 
joined Chambersburg Engineering 
as a designer. He left in 1942 to be- 
come a field engineer for Koppers 
Corp., but returned to the company 
three years later. He was appointed 
research engineer in charge of the 
company’s product development ac- 
tivities in 1952. 

The third recipient of the award, 
Mr. Weyer, studied mechanical en- 
gineering at the Technikum Mitt- 
weida in Saxonia, receiving his 
degree in 1924. He came to this 
country in 1928, working first with 
Nazel Engineering Co. in Phila- 
delphia; he joined Chambersburg 
Engineering in 1939, and shortly 
afterward was named chief engineer. 


Joesph F. Krepley —from sales 
manager, extrusion operations, to 
director, extrusion operations, Metals 
Div., Olin Mathieson Chemical Corp. 
in Nesquehoning, Pa. 


Charles M. White, honorary chair- 
man of Republic Steel Corp. — 
awarded the Gary Memorial Medal. 
the highest honor of the American 
Iron and Steel Institute. 


Clifford E. Weber — now director 
of fuels and materials at Atomics 
International, a division of North 
American Aviation, Inc., Canoga 
Park, Calif. 


Henry M.  Luehmann — from 
senior research scientist with Chrys- 
ler Corp.’s engineering division, to 
metallurgical supervisor, Brooks & 
Perkins, Inc., Detroit. 


John W. Goth — from head of the 
Chicago sales office, Climax Molyb- 
denum Co., New York, a division of 
American Metal Climax, to manager 
of foundry sales, with headquarters 
in Chicago. 
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AM makes versatile heat-treating equipment for production runs or 
specialized jobs. Our experience in all types of heat-treating appli- 
cations can produce cost and quality advantages in your specific work. 


WATCH 


J Seduction Stealing ib out 
mM nethermMic corroration 


GENERAL OFFICES P.O. Box 839 + Youngstown 1, Ohio 

TRENTON DIVISION 930 Lower Ferry Road + Trenton 5, New Jersey 
YOUNGSTOWN DIVISION 3990 Simon Road + Youngstown 12, Ohio 
AJAX MAGNETHERMIC CANADA LTD. Box 779 + Ajax, Ontario 
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Monday, October 23 — 9:00 a.m. 


Some Parameters Affecting Fracture 
Toughness of High-Strength Steel 


by Paul M. Lorenz 


According to test results, the widths of 
sheet specimens and the stress levels of 
the test affected the fracture toughnesses 
(Go) of A.M.S. 6427 (A.LS.I. 4330 
modified with vanadium) quenched and 
tempered to 220,000 psi. tensile strength. 
With increasing specimen width to 24 
in., fracture toughness rose and leveled 
off at 3200 in-db. per sq.in. Fracture 
toughnesses also remained fairly con- 
stant for stress levels below the propor- 
tional limit, but decreased at a constant 
rate above this limit to approach zero at 
levels equal to the ultimate strength of 
the material. Some specimens were pre- 
stressed; however, this treatment ap- 
peared to have little effect on the fracture 
toughness. 


Yield Behavior of Certain Alloy Steels 
at Low Strain Values 


by G. S. Reichenbach, D. A. Brown and 
P. G. Russell 


Because some of the newer mechanical 
devices (precision gyroscopes, for in- 
stance) have very stringent accuracy 
requirements, values representing the 
conventional mechanical properties (such 
as “yield point” and “tensile strength”) 
are often not adequate for designing 
these systems. “Yield strength”, for ex- 
ample, is usually defined as the stress 
needed to produce 0.2% plastic strain. 


... 4 Guide to the Technical Content of Papers Being Presented 
During Sessions To Be Held at the 43rd National Metal Congress 


of Detroit 
Convention 
Papers 


However, the newer designs call for pre- 
loading of certain parts to fairly high 
levels; yet, plastic deformation cannot be 
tolerated. For this reason, it is neces- 
sary to know how a material will behave 
plastically under strain rates much slower 
than those conventionally used under 
standard testing conditions. 

For this work, specimens of A.I.S.I. 
52100, Type 440C, M50, M2 and M4 
were tested in tension and torsion, a ca- 
pacitance strain gage being used to indi- 
cate small levels of residual plastic 
strains. According to these tests, there 
may be no real elastic limit if permanent 
distortion can be measured with enough 
precision. Stresses required to produce a 
plastic strain of 1 micro-in. per in. may be 
only 10 to 15% of the stress needed for 
the usual 0.2% strain specified by the 
conventional definition for yield point. 
Also, if residual stresses due to phase 
transformations are present, they may 
have a significant effect on plastic be- 
havior at low stress levels. 


Noxious and Innocuous States of 
Hydrogen in Iron 


by D. J. Adenis and W. M. Baldwin, Jr. 


According to this investigation, hydro- 
gen can be present in two different states, 
only one of which embrittles steel. 
Through various treatments, these states 
can be shifted back and forth so that the 
presence of hydrogen can be either safe 
or dangerous. In this investigation, for 
instance, Armco iron was cathodically 
charged with hydrogen to embrittle it, 
and baked to remove the brittleness. 
However, hydrogen was still present — 
austenitizing and quenching re-embrit- 
tled the baked specimens of Armco iron. 
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and when Our electrode customers are now reaping 
5 
you re producing the benefits of advances we have made in 


graphite technology and manufacturing techniques. 


stai nless steels Their melt-ton costs are being reduced 
G ¥ e- by better all-round electrode performance which shortens 
furnace down-time, steps up production. 


E LECTRODES Our electrodes are of excellent quality — 
WI LL LOWE R and our service technicians are swiftly on the job when wanted. 


You'll find it pays—and pays well — 


M E LT-TON COSTS to specify GLC electrodes. 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17. N.Y. OFFICES IN PRINCIPAL CITIES 
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UNIFORM TEMPERATURE 
PRECISE CONTROL 


Get both with COOLEY 
a complete line of heat treating 
_ FURNACES and OVENS 


Cooley’s exclusive Thermoshell heating units 
assure rapid heating, better heat distribution. 
Thermoshell coils are permanently embedded 
in special ceramic material that resists corrosion, 
fights oxidation, insures longer coil life. Readily 
available from stock, Thermoshell units can be 
replaced in minutes without dismantling fur- 
nace. For over 28 years highest quality electric 
furnaces and ovens for hardening, tempering, 
annealing, drawing, drying, baking and enamel- 
ing have come from Cooley. A wide range of 
standard sizes is available. 


Write today for catalog. Tell us 
your requirements. 


D4 


COOLEY ELECTRIC MFG. CORP. 


Indianapolis 7, Indiana 


32S. Shelby Street «+ 
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CHECK FIRST WITH 
COOLEY FOR: 
GAS ATMOSPHERE 
TOOL ROOM FURNACES 
AIR DRAW FURNACES 
BENCH TYPE FURNACES 
HIGH SPEED ELECTRIC FURNACES 
ELECTRIC RECIRCULATING OVENS 
INDUSTRIAL BOX FURNACES 
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Effect of Temper Brittleness 
on Dry Friction Wear 
of a Martensitic Steel 


by J. J. Kauzlarich, R. R. Hagglund 
and J. P. Modrak 


Though it has been proposed that 
certain mechanical properties of a 
given material will affect the prog- 
ress of metallic wear, this theory has 
not previously been supported by ‘ 
direct experimental evidence. For 
this work, specimens of S.A.E. 1040 
were quenched and tempered at 
various temperatures for impact and 
wear test. The results indicated that 
the phenomenon of temper brittle- 
ness had an important effect in re- 
ducing the rate of wear. Ductile 
materials, according to the theory 
described here, wear more than com- 
parable temper embrittled materials. 


Repeated Tensile Loading of 
Iron and Steel 


by C. P. Sullivan, B. L. Averbach 
and Morris Cohen 


Fatigue failures can occur under 
pulsating tension in polycrystalline 
iron and in quenched and tempered 


steel, according to the results of this 
investigation. In both the soft iron 
and the hard steel, microcracks can 
be initiated at inclusions or inclusion 
sites. In the latter material, such 
cracks were rapidly propagated lead- 
ing to failure; this occurred because 
the hardened steel did not have 
enough plastic flow to blunt the 
front edge of the crack under test 
conditions. 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100‘,. In PSC tubes, precision-welded 
bends are of same metal and thickness as the 
egs. The continuously smooth walls result 
n uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
zast alloy bends. Lighter than cast by 33 
to 50°,, PSC radiant tubes cost less in- 
tially. Any size, shape or alloy. 
We repair radiant tubes, retorts and 


nner covers -- save you money. 
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The Effect of Prestraining 
and Retempering on 
A.LS.I. Type 4340 


by E. T. Stephenson and Morris 
Cohen 


The prestraining (0 to 3%) and 
retempering (70 to 1200°F.) of 
hardened and tempered (400 to 
1200° F.) A.I.S.I. 4340 increased its 
strength and decreased its ductility. 
As the retempering temperature was 
raised, these effects were enhanced 
until the yield-to-tensile strength 
ratio reached unity, and the stable 
elongation dropped to zero (though 


total elongation was still apprecia- 
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THE PRESSED STEEL CO.- Wilkes-Barre, Pa. 


Now TOCCO Offers 


INDUCT ION HEATERS 


from 5 to 300 kw output 


For almost 20 years TOCCO has built and sold 
electronic, tube-type induction heaters, but now 
we can offer a wider range of sizes than ever 
before to meet every RF heating requirement. 
TOCCOtron units are available with a nominal 
frequency of 450,000 c.p.s. or, for very high 
frequency applications, 4 megacycles. All are 
dependable, rugged production machines—not 
fragile laboratory instruments which are difficult 
and expensive to maintain. 


Check these advantages: 


The industrial heavy-gauge steel cabinet which completely 
encloses all high potential circuits preventing radiation 
interference and personnel hazards. 


Meters in all sensitive circuits to enable the user to obtain 
the maximum output and efficiency. 


High KVA tank circuits and adjustable plate voltage, grid 
bias and grid drive controls where desirable, allow easy 
matching to all loads. 


Because TOCCO makes both audio frequency equipment 
(motor-generator sets) and radio frequency equipment 
(electronic tube-type units as shown), you can always count 
on a completely unbiased equipment recommendation—the 
right equipment for your particular heating job. 


F.C.C. Certification: All TOCCOtrons are certified to meet the requirements 
of F.C.C. Rules and Regulations, Part 18. 


50 kw 450,000 c.p.s. TOCCOtron unit. Other 
units available with 5, 10, 15, 25, 60, 100, 150, 
200 and 300 kw output. 


Externally mounted circuit breaker and disconnect located 
so that it is easily accessible. JIC type enclosure which 
separates all control components from the high voltage 
circuits. 


Integral water systems available in most models—saves 
floor space and water consumption. 


Gasketed, lockable doors allow easy accessibility to all 
components. JIC type enclosure cooled with air to water 
heat exchanger. 


The Ohio Crankshaft Company 
Dept. R-10, Cleveland 5, Ohio 


Please send literature describing TOCCOtron Radio Frequency Induction 
Hecting Equipment. 


Position 


Company 


Addr 


City. 
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Post-Forming: New Way to Bigger Savings 
with Malleable Castings 


The ductility of Malleable iron castings permits use of | only with ferritic and pearlitic Malleable castings. 
high-speed forming techniques to finish Malleable parts _‘ For a fuller understanding of how Malleable can help 
at lower cost. Take advantage of the versatility you get you, call any producer that displays this symbol — 


Free Folder describing these techniques is available 
for your use. Just ask any member of the Malleable 
Castings Council for Data Unit No. 116, or write to 
Malleable Castings Council, Union Commerce Building, 
Cleveland 14, Ohio. 


Hot Form It — Hot coining this Malleable trans- Roll it — Oil grooves in lawnmower crankshafts 
mission part reduces finished cost. . . eliminates and splines in compressor crankshafts are just two 
three cutting operations required by the previ- of many places where rolling proves more eco- 
ously used steel part. nomical than machining. 


Punch It — Holes with diameters greater than the Spin It — Malleabte’s ductility permits the sleeve 
thickness of the metal can be punched in Malle- and end disc in this ball joint to be held in place 
able. Two round holes and a square hole are by spinning the Malleable housing into a strong, 


punched simultaneously in this idler arm. permanent flange. 
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Get the most for your metals dollar...get 


CONNECTICUT 
Connecticut Mall. Castings Co., New Haven 6 
Alloy Foundries Division, 

The Eastern Co., Naugatuck 


ILLINOIS 

Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline tron Works, Moline 

Moline Malleable tron Co., St. Charlies 
National Castings Co., Cicero 50 

Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company. Decatur 


INDIANA 
Albion Malieable Iron Company, 
uncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
Nationat Castings Co., Indianapolis 22 


Bend it 


1OWA 
lowa Malleable tron Co., Fairfield 


MASSACHUSETTS 
Belcher Malleable tron Co., Easton 


MICHIGAN 

Albion Malleable Iron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable tron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


MINNESOTA 
Northern Malleable tron Co., St. Paul 6 


MISSISSIPPI 
Mississippi Malleable tron Co., Meridian 


NEW HAMPSHIRE 
Laconia Malleable tron Co., Laconia 


A 30% cost reduction was 


NEW YORK 
Acme Steel & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malieable iron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. Co.; Westmoreland 


OHIO 

American Maileable Castings Co.. Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mall. tron Co., Ironton Div., Ironton 

Dayton Mail. tron Co., Ohio Mall. Div., 
Columbus 16 

National Castings Co.. Cleveland 6 


PENNSYLVANIA 

Buck tron Company, inc., Philadelphia 22 
Erie Malleable tron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 


Coin tt 


Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable tron Corp., Lancaster 


TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 
West Virginia Mall. tron Co., Point Pleasant 


WISCONSIN 
Belle City Malieable tron Co., Racine 
Chain Belt Company, Milwaukee 1 
Federal Malleable Company, Inc. 
West Allis 14 
Kirsh Foundry inc., Beaver Dam 
Lakeside Malleable Castings Co., Racine 
Milwaukee Malleable & Grey Iron Works, 
Milwaukee 46 


Very close tolerances are often 


achieved by casting this Malleable iron twine 
finger flat... then bending the arm about 


met economically by either cold or hot coin- 
ing. The head of this T-bolt is coined to 


meet tolerances of = .005” on its .475” 
width without any machining. 


45 degrees and coining the center hub in-one 
fast, post-forming operation. 


Lahg, troblesires sericea 
nigh: preésstire hose cau 
Matleable: fitting around 


Swace 
inte this 


yetrdorce: 


Harden It — Surface hardness values in ex- 
cess of 55 Rockwell C can be achieved with 
pearlitic Malleable by either flame or induc- 
tion hardening. Response is excellent, and 
results are 
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FOR 


RELIABILITY CONTROL... 


FOR BETTER DESIGN... 


NDT 


YOUR RaD, 


RODUCTION 


Planned testing of critical tubing 4" to 6” O.D. with eddy currents. 
Magnatest F W-400 is used here for both research and production 
testing of stainless steel and aluminum tubing. It is one of a broad 
line of Magnatest units testing nonmagnetic tube, rod and wire—for 
seams, inclusions, voids, concentrated porosity, embrittled areas, 
slivers, laps, etc. Defects are reported on the scope and/or other 
readout, at mill speeds if necessary. 

Photo courtesy GENERAL DYNAMICS/FORT WORTH 


Planned testing of rocket motor solid fuel chambers. This specially 
researched and developed Magnaglo unit provides multi-directional 
magnetization for positive detection of all crack-type defects. In 
designing specialized-purpose units like this for inspection of highly 
critical components and parts, Magnaflux draws upon an impressive 
background of hundreds of thousands of man hours spent in its own 
R & D, and experience in planned engineering of test equipment for 
virtually every industrial need. 
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NDT*: Nondestructive Testing works best 
and saves you most when it is planned for 


at the beginning—not added at the end. 


NDT can help assure reliability of your finished products, of course. But your 
greatest benefits come when adequate testing considerations are introduced as early 
as possible in the R & D and design stages, with more thought given to filling 
missions than filling arbitrary specifications. It is no longer enough to keep 
defective parts and machines off the launching pad, or out of the airplane— 

or even out of the production line. Test practices must consider the need of the 
end use of the item, using the best test method, regardless of its type. 


Such benefits in reliability—and production savings, too—can be realized 
every day, with Magnaflux Test Systems planned for and used at every stage 
from first concept to full production testing. Whether for large volume, 

or few-of-a-kind critical parts, or prototypes, Magnaflux offers you 

the widest variety of different test systems and methods. 


A few typical examples are shown here. Many others could be. For your own 
requirements— however commonplace, critical or specialized—there is usually a 
Magnaflux Test System. Call your Magnaflux Field Engineer—or write 
Magnaflux Corporation, 7322 W. Lawrence Avenue, Chicago 31, Illinois. 


Visit Booth No. 368 at Metal Show 


General 


A SUBSIDIARY OF 
GENERAL MILLS 


MAGNAFLUX CORPORATION 
TEST SYSTEMS 


MAGNETIC PARTICLE ® FLUORESCENT 
PENETRANT ® ULTRASONIC ® EDDY 
CURRENT ® STRESS ANALYSIS 
RADIOGRAPHY ® DYE PENETRANT 
MAGNETIC FIELD MEASURE ¢ 
THERMOGRAPHIC 


Planned testing of bearing cages. This is a specialized, automated 
Zyglo Fluorescent Penetrant System with which one man tests up to 
375 nonferrous bearing cages per hour for cracks, porosity or leaks. 
It includes complete conveyorized handling and programmed proc- 
essing, custom engineered and built by Magnaflux. Parts tested 
range from %" I.D. to 10” O.D. Twenty-six different Zyglo Penetrants 
have been developed by Magnaflux to produce precise, 100% repro- 
ducible results, assure sensitivity to meet all needs. 
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Planned apron check of a jet liner's main gear is made with Magna- 
flux KCH-3D and black light. Such tests are routine to assure safety 
on major airlines serving throughout the world. Magnaflux units 
like this are versatile, and are also used in all sorts of industrial 
maintenance operations as well as in production testing of large 
castings, structural weldments, etc. Photo is of Pan American 
Boeing 707 at Idlewild Airport, New York. 
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PROBLEM... 


WE NEED ONE INSTRUMENT 


TO DO ROUTINE ANALYSES 


AND THE "ODD SAMPLE." 


SOLUTION... 


CONVERTIBLE EBERT 
SPECTROGRAPH 


You can speed routine analyses photo- 
electrically, and still solve tough 

"odd sample" or research problems photo- 
graphically—all with the same versatile 


instrument. No attachments to mount 

+ « + no tedious realignment. With the 
turn of a single control you can convert 
from full-range spectrographic analysis 
to high speed direct-reading analysis of 
as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter 
Convertible Ebert Spectrograph, you'll 
enjoy flexibility that lets you tackle 
a@ greater variety of materials... 
analytical range to detect unsuspected 
trace elements . . speed to handle 
more samples per hour, keeping quality 
control in step with production. And 
add to these the footstep-saving 
convenience of a single basic instrument 
with all controls centrally grouped. 


Why not write for further information. 
Any questions, basic or complex, will 
be welcome. Better yet, invite a 
Jarrell-Ash engineer to show you first- 
hand how this instrument will make your 
analytical efforts more rewarding, your 
lab operations 
more productive 
and profitable. 


Jarrell 


—Ash 


JARRELL=-ASH CO. 
26 Farwell Street 
Newtonville 60, Mass. 


Circle 1445 on page 48-B 


Abstracts . . . 


ble). Electron micrographs indi- 
cated that carbides in the tempered 
martensite were dissolved and repre- 
cipitated by straining and retemper- 
ing; this accounted for some of the 
observed changes. 

As to practical implications, these 
results appear to indicate the 
strengthening of A.I.S.I. 4340 im- 
parted by prestraining is of limited 
usefulness, and may be dangerous 
under some circumstances. Without s 
stable elongation, for example, the 
steel could stretch plastically to frac- 
ture under decreasing loads after the * 
yield point is reached. 


Direct Reduction of Ferric Oxide by 
Solid Carbon in Vacuum 


by T. S. Yun 


Ferric oxide was reduced to metal- 
lic iron by solid carbon (in the form 
of fine graphite) at temperatures 
ranging between 700 and 1100°C. 
(1300 and 2000° F.). To secure a 
true direct reduction, the process 
was carried out in a high vacuum so 
that CO and CO, would be removed 
immediately after forming. Accord- 
ing to the results, metallic iron can 
be produced from ferric oxide only 
above 900° C. (1650° F.). The in- 
vestigation also established that the 
diffusion of iron ions within the oxide 
crystal was the rate-determining 
process in the reduction of ferric 
oxide. 


The Effect of Concurrent Straining 
on the Annealing Behavior of a 
Cold-Rolled Vacuum-Melted 
Electrolytic Iron 


by Alfred Goldberg and 
Sumner Gurney 


In static annealing (annealing 
without straining), cold-rolled iron 
softens at high temperatures largely 
because of recrystallization. How- 
ever, at lower temperatures, in- 
creased polygonization interferes 
with recrystallization to slow the 
softening process. When the same 
iron is strained while being an- 
nealed, a hardness drop occurs 
which appears to be independent of 
the strain rate or temperature. How- 
ever, a fast strain rate at a tempera- 
ture where recrystallization plays a 
major role in static annealing retards 
softening. Apparently, the concur- 
rent straining interrupts recrystalli- 
zation by inducing or accelerating 
(or both) polygonization. 
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Precision Resistance, 
Electronic and 
Mechanical Alloys in — 


e WIRE 
@ROD 

RIBBON 
@ STRIP 
@ FOIL 


Resistance Alloys: 
ALCHROME ® 
TOPHET® A, C, D, 30 
EVANOHM 
Nos. 30, 60, 90, 

180 ALLOYS 
BALCO® 
BALLAST ® NICKEL 
CUPRON ® 
MANGANIN 


Ceramic Sealing 
Alloy: 
CERAMISEAL ® 


Glass Sealing 
Alloys: 
RODAR ® 
NIRON® 52 
NIROMET ® 46 


Filament and 

Grid Alloys: 
COBANIC 
MAGNOCARB 
MANGRID ® 
PERMOCARB ® 
PERMAGRID 
MODIFIED HILO ® 
CUPROCHROME ® 


Vacuum Tube 
Materials: 
CARBONIZED NICKEL 
CARBONIZED NICKEL- 
CLAD STEEL 
ALUMINUM-CLAD STEEL 
CATHODE ALLOYS 


Thermocouple 
Alloys: 
TOPHEL ® -NIAL ® 
(Type K) 
Corrosion Resisting 
and Mechanical 
Alloys: 
BERALOY ® 
NILSTAIN® 
MONEL* 
INCONEL* 


WRITE FOR BROCHURES 


*T. M. International 
Nickel Co. 


VISIT BOOTH 314 at the Metal Show 


n Oday xpanding 
Prontiers= 
from one of the nation's 
86 highs in degree of purity, alloys 
Subjected to the selective removal of 
| alloys. This integrated service 
~ Provides complete development 
IR B.DRIVER CO. 
Offigg: NEWARK, NEW JERSEY —Tel. HUmboldt 2-5550 fla 
IARY: WESTERN GOLD AND PLATINUM CO., 525 Harbor Bivd., Belmont 


172 


Time-tested equipment. . . 
plus progressive engineering . . . to meet 
your heat-treating requirements ‘ 
{ Progressive things are happening at Hones to bring to- 

gether the experience of years in industrial heating wo : 
equipment and the forward-looking concepts of modern 7 
engineering skills. The time-tested ‘“‘Buzzer’’ line needs ee 


no blowers, power or other auxiliary equipment to effect 
combustion; simply connects to the available gas supply. 


CHARLES A. 


123 S. Grand Ave., Baldwin, L.I., N.Y. 


Ring & Pi 
g ipe Burners 
ii 
Melting Furnaces Venturi Air Mixers 


MANUFACTURERS OF “BUZZER” EQUIPMENT FOR 


Furnaces 


Soldering 


HEAT TREATING - MELTING - SOLDERING...SINCE 1911 
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Effects of Columbium on the 
Properties of Aluminum-Killed, 
Medium-Carbon Steel 


by E. E. Fletcher, A. R. Elsea and 
E. C. Bain 


In A.LS.I. 1035, columbium pro- 
vided a strong resistance to grain 

growth at elevated temperatures, 

steels containing 0.35% Cb having 

a fine grain size after being austeni- ‘ 
tized at 2000°F. Columbium car- 
bides went into solution very slowly; 
undissolved carbides remained in 
some steels even after they were 
austenitized at 2300°F. Columbium 
(0.012%) also raised the yield point 
of the steel (by 3400 psi., as-normal- 
ized; higher values for various 
quenched and tempered conditions ) 
without affecting the ductility as 
measured by elongation or reduc- 
tion in area. In most instances, 
columbium also lowered or did not 
affect the transition temperature. 


Some Processing Factors 
Affecting Magnetic Properties 
of Low-Carbon Steel 


by D. J. Knight and P. J. Adzema 


Magnetic properties of low-carbon 
steel are dependent primarily upon 
grain size, and the amount and form 
of carbon present. In this study, 
which was made to relate process- 
ing variables with these metallurgi- 
cal factors, the authors found that 
carbon content had a strong in- 
fluence in controlling magnetic prop- 
erties. When the steel’s carbon 
content was about 0.06%, its mag- 
netic properties did not approach 
those of steels with less than 0.01% 
C even if its grain size was much 
larger. Furthermore, a low carbon 
content obviated the deleterious 
effect of rapid cooling from the an- 
nealing temperature. 


aS 


Carbides in Steels 


Tuesday, October 24 — 9:00 a.m. 


A Study of Carbide Composition 
and Microstructure During 
Quenching and Tempering of 
a 5% Cr-Mo-V Steel 


by G. P. Contractor, E. G. Schempp 
and W. A. Morgan 


In this steel (0.34 C, 5.08 Cr, 
1.43 Mo, 0.92 V), studies of ex- 
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VISIT TEXACO 
AT THE 
METAL SHOW 
BOOTH 473 


Photomicrograph of properly 
hardened carbon steel. Note the 
small t of retained Aus- 
tenite (white). Texaco quenching 
oils consistently give outstand- 
ing results like this. 


Texaco quenching oils assure 
uniform hardening... improved grain structure 


Texaco quenching oils give consistently outstanding 
results because Texaco offers a specific oil for every 
quenching application. QUENCHTEX 500, a straight 
mineral oil, is made for conventional quenching. 
QUENCHTEX 510 and 520, both additive-type oils, 
are made for medium and high-speed quenching. 
MARQUENCH is for hot quenching. 


Compatability with other oils means you can use 
QUENCHTEX regardless of the oil now in your tanks. 
Economical to use. Texaco quenching oils provide excep- 
tional stability at recommended temperatures and high 
resistance to oxidation. Because of their long service life, 
Texaco quenching oils actually can save you money. 

A Texaco Metalworking Engineer will be glad to eval- 
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uate your system and take necessary steps to recommend 
the proper Quenchtex for make up. 

You'll also find much helpful information on quench- 
ing in our new booklet “Fundamentals of Quenching and 
Hardening.” Contact the nearest of the more than 2.300 
plants distributing Texaco Products, or write Texaco Inc., 
135 East 42nd Street, New York 17, N. Y. Dept. MT-120. 


Tune In: Huntley-Brinkley Report, Monday Through Friday—NBC-TV 


TExACO 


TEXACO 


Throughout the United States 
Canada + Latin America * West Africa 
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Solve 


HIGH TEMPERATURE 
measurement problems 
beyond the scope of 
conventional pyrometers... 


Fully Automatic Optical Brightness Pyrometer 

If you have been using a manually operated optical pyrometer, 
but now need an instrument that operates continuously, and 
makes possible both recording and controlling, the PYRO-650 
Automatic Optical Brightness Pyrometer is designed for you. 
PYRO-650 measures temperature automatically and 
continuously over a wide range from 1200°F to 6300°F; 
650°C to 3500°C. Since it is fully automatic, any possibility 
of human error is eliminated . . . reliability is assured. 
PYRO-650 makes rapid and accurate measurements... 
essential in physical property studies of exotic metals, 

cermets, graphites and refractories at high temperatures. 
PYRO-650 gives you a continuous, permanent record of 
measurement . . . important in short duration temperature 
studies and necessary where certification of temperature 

test data is a requirement. 

The fully automatic PYRO-650 Optical Brightness Pyrometer 
makes use of industry’s many years of technical knowledge 
and experience . . . and takes the next logical step beyond 

the manual optical pyrometer. 

Write today for Bulletin No. 614, describing PYRO-650 

in full detail. 


*Trademark of Instrument Development Laboratories 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
68 MECHANIC STREET, ATTLEBORO, MASS. 


Also manufacturers of PYRO-EYE® Two-color Optical Pyrometer 
Circle 1449 on page 48-B 
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tracted residues of carbides indi- 
cated that the amount of undis- 
solved carbides decreased in the 
steel as the austenitizing tempera- 
ture increased. From 2100 to 
2600° F., however, there was little 
apparent change in weight percent 
of undissolved carbides. As for the 
effect of tempering temperature, a 
minimum amount. of carbides 
(2.25%) remained after tempering 
at 900 to 975° F.; this temperature 
corresponded with a peak in the 
hardness - tempering temperature 
curve. Electron microscopy and x- 
ray diffraction studies of extracted 
carbides showed that secondary 
hardening in this steel was due to 
re-solution of (Fe,Cr),C and the 
formation of coherent alloy 
precipitate. 


Creep Behavior 
of an Austenitic Stainless Steel 
as Affected by Carbides 
Precipitated on Dislocations 


by Frank Garofalo, F. von 
Gemmingen and W. F. Domis 


When Type 316 stainless steel 
was prestrained at room tempera- 
ture and heated between 900 and 
1300° F., particles precipi- 
tated at dislocation sites, the number 
of particles per unit area increasing 
as prestrain was increased to 25%. 
(Above a 25% prestrain, the carbide 
particles agglomerated to a degree 
in tempering.) This treatment en- 
hanced creep properties at 1100, 
1300 and 1500° F., the minimum 
creep rate at 1300° F. being de- 
creased by as much as 250 times. 
At 1100° F., rupture life could be 
increased by as much as 25 times. 


Microstructural and 
Residual Stress Changes 
in Hardened Steel 
Due to Rolling Contact 


by J. J. Bush, W. L. Grube and 
G. H. Robinson 


For this work, the authors ex- 
amined the relationship of running 
time and contact load to the extent 
and appearance of microstructural 
alterations in roller bearings made 
of hardened A.LS.I. 52100 steel. 
They found that the “stress-affected 
zone” of altered microstructure con- 
sisted essentially of extruded car- 
bides and highly deformed ferrite 
bands. However, this change oc- 
curred only after a threshold load 
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LOW TEMPERATURE SILVER </~ 
BRAZING ALLOYS AND FLUXES ~~~ 


Select a brazing alloy “tailored” to your precise re- 
quirements from the complete line of Silvaloy Low Tem- 
perature silver brazing alloys and fluxes. Silvaloy bond 
is as strong or stronger than the metals joined. ..avail- 
able in wire, coil, strip, plymetal or preformed shape 
most convenient and economical for your production 
procedure. «+ Silvaloy is used by the country's leading 
manufacturers to speed and simplify production, to as- 
sure highest quality work, at lowest cost. Write for 
literature. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 


NITRONEAL, 
THE GAS 
GENERATOR 


THAT PROVIDES 


THOSE SPECIAL 
ATMOSPHERES 
FOR METAL 
ANNEALING 


... provides the most economical and efficient method 
for the production of pure nitrogen—completely free of 
oxygen—with a hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. 
Gas mixtures are supplied at a fraction of cylinder 
supply cost. » The Nitroneal Generator is automatic 
except for startup, with no need for operating per- 
sonnel. The unit performs instantly, efficiently any- 
where in the range of from 25% to 100% of rated 
capacity. Installation requires only a 110 volt line, 
water, air, ammonia lines and drain facilities. . . . The 
catalyst lasts indefinitely- minimum maintenance costs. 


INDUSTRIAL EQUIPMENT DIVISION 
GAS EQUIPMENT SECTION 
113 ASTOR STREET * NEWARK, N. J. 


LOOK TO AMERSIL FOR ALL HIGH PURITY 
FUSED QUARTZ REQUIREMENTS 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission application, labora- 
tory ware and production equipment. These products 
include standard apparatus, plain tubing in many in- 
tricate fabrications, crucibles, trays, cylindrical contain- 
ers and piping in a full range of sizes up to 25” in 
diameter. Ingots and plates are available in general 
commercial quality as well as in special optical grades. 
Amersil engineers are also prepared to assist in devel- 
oping fused quartz and silica equipment for special 
requirements. 


AMERSIL QUARTZ DIVISION 
685 RAMSEY AVENUE * HILLSIDE, N. J. 


ENGELHARD 


SALES OFFICES: CHICAGO + DALLAS «+ DETROIT + 
HOUSTON + LOS ANGELES + NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


* 
Please send literature as indicated below, 
addressed to my attention: 
Nitroneal Generator Fused Quartz 
C) Silver Brazing Alloys and Fluxes 


NAME 


TITLE 


FIRM 


STREET 


CITY STATE 
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COLUMBIUM-TREATED CARBON STEEL 


CUTS DEAD WEIGHT 10% IN NEW 


Bringing important new economies to rail shipment of automobiles, this new tri-level auto 

, carrier holds twelve standard cars or mixed loads of 14 standards and compacts. Capacity is 

as ; increased up to 75%. A unique system of hydraulically positioning the vehicles on three levels 
, gives a clearance of only 16 feet 8 inches, permits use in areas formerly limited to bi-level unit 

operation because of clearance requirements. @ Key feature of the Multi-Car Carrier is the 

movable decks on which the cars ride. Made of GLX-W columbium-treated steel, the decks are 

raised and lowered by built-in hydraulic lifts, actuated by a portable power unit. Here light 

weight was essential, in order to reduce the operating power requirements. Yet great strength 

was necessary, too, to support the payload. Finally, design of the decks called for eight bends 

in each section. So formability was also a must. « GLX-W met and exceeded all these require- 

ments. It gives 50-100% greater strength than mild carbon steel, so builder Whitehead and 

Kales could get the required strength with less weight. Deck operating units need less power, 


Great Lakes Steel is a Division of 
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Multi-Car Carrier built by Whitehead and Kales for Multi-Car Corporation, Detroit, Michigan 


TRI-LEVEL AUTO CARRIER 


and total weight is reduced approximately 5,000 pounds or 10%. Production 
is more economical, too, because the ductility and formability of GLX-W 
permits four of the bends in the deck to be performed in one press operation. © 
The GLX-W series of high-strength steels consists of fine-grained, semi-killed 
mild carbon steels, treated with varying amounts of columbium. The high 
strength of GLX-W permits designers to reduce the amount of steel and effect 
considerable cost savings when replacing mild carbon steel. GLX-W steels have 
a low carbon content and are readily weldable and formable. GLX-W steels 


PATENT 
PENDING 


are available at four minimum yield strength levels: 45,000, 50,000, 55,000 and A PRODUCT OF 

60,000 p.s.i. and in sheets, plates and bars. For complete technical information, 

write Great Lakes Steel Corporation, Product Development, Dept. MP-9, G R E AT LA K E S S TE E L 
P. O. Box 7310, Detroit 2, Michigan. Detroit 2, Michigan 


NATIONAL STEEL CORPORATION 


OCTOBER 1961 Circle 1451 on page 48-8 177 


Le 
E 


% 


‘the birth of | 
analloy’” 


Waukesha’s research induction fur- 
nace provides sample heats formu- 
lated to meet all your casting re- 
quirements ... at only a fraction of 
the cost involved in a full foundry 
fest run. 


WAUKESHA CASTINGS 


From created alloys... 


Pressures . . . corrosion-resistance . . . stability under 
extreme temperature variables . . . increased tensile 
strengths . . . only castings of created alloys can 
fulfill all the precise requirements of space-age tech- 
nology. In less than a decade, Waukesha Foundry 
Company has created 5 corrosion-resistant non- 
galling metals. 


From blueprint to finished casting, Waukesha fol- 
lows your precise requirements. Facilities include 
“Spectrometer” control with each heat, pilot plant 
facilities, sand, shell and ceramic-type moldings, 
fully equipped finishing and polishing shop. The 
metallurgical staff assigned to create the alloy for 
your product offers over half a century of exper- 
ience with created metals. 


Where precision engineered castings are an abso- 
lute requirement, call on Waukesha. 


WAUKESHA FOUNDRY CO. 

Dept. F-38, Waukesha, Wis. 
Manufacturers of corrosion-resistant castings, 
inclusive of non-galling alloys, Stainless 
Steel, Waukesha Metal, Monel, Pure Nickel, 
Inconel. Ni-Resist, plus special Nickel- 
Chromium Alloys for specific applications. 
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stress was reached and passed. In 
conclusion, though extensive micro- 
structural alterations appear to take 
place under high stresses, the 
authors postulate that spalling may 
be prevented—the extrusion of 
carbides seems to inhibit the 
development of fatigue cracks in 
the region of maximum plastic 
deformation. 


An Electron Transmission Study of 
the Tempering of Martensite in 
0.42% C Steel 


by A. M. Turkalo 


According to microscopic ex- 
amination by electron transmission 
techniques, as-quenched martensite 
appears as needles often with striae 
(interpreted to indicate twinning) 
and with no precipitated éarbides. 
On tempering at 400° F., carbides 
precipitate to form fine films at 


needle boundaries and _ acicular 
carbides within the needles. With 
higher tempering temperatures, 


these carbides coalesce and sphe- 
roidize. Temperature dislocations 
appear at about 800° F., and at 
1100 and 1250° F., dislocation net- 
works associated with grain bound- 
aries are clearly defined, carbides 
being visible within the grains. 


AS 


Iron-Chromium Alloys 


Tuesday, October 24 — 2:00 p.m. 


Influence of Delta Ferrite-Carbide 
Segregates on Properties of 
12% Cr Steel 


by E. A. Loria 


In this steel, a Type 422 stainless 
grade, the detrimental effects of 
delta ferrite-carbide segregates on 
ductility were determined by various 
laboratory tests of mechanical prop- 
erties. If the composition was 
properly balanced, ingots up to 26 
in. in diameter could be produced 
free of ferrite. However, according 
to this investigation, up to 5% fer- 
rite can be tolerated if it is not 
severely striated by subsequent roll- 
ing or other mt Pee rocess. If 
massive discontinuities (carbides or 
ferrite-carbide segregates) are pres- 
ent, they will lower the tensile prop- 
erties regardless of testing direction. 
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Built to drill reinforced concrete 


Stanley No. 404 portable drill gets critical strength from 
gears and pinions of Nickel alloy steel. 


This electrically powered impact drill is designed to cut 
through reinforced concrete, brick, stone, masonry mate- 
rials, and concrete pipe . .. without deflection. It can drill 
holes or cut cores in any diameter from ;*;” to 4” without 
chipping, cracking or breaking out when close to an edge. 


To give this hard-hitting drill built-in stamina, Stanley 
engineers specify carburized AISI 4620 (1.8% nickel) 
for critical parts of the power train. The hard case and 
tough core of this nickel alloy steel stand up to the severe 


operating shocks of impact drilling ... provide outstand- 
ing resistance to fatigue and wear. 


When you design, order, or use heavily stressed machine 
components, remember that nickel alloy steels take the 
tough jobs in stride. For helpful engineering data on 
these alloys write to Inco. We'll be glad to help. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


ake, INCO NICKEL 


Nickel makes alloys perform better longer 


Submicroscopic Structures in 
Tempering Type 410 Stainless Steel 


by J. J. Hauser, J. M. Capenos and 
B. R. Banerjee 


Examination of this steel by elec- 
tron microscopy, electron - probe 
analysis, and other methods clarified 
the detailed kinetics of tempering 
reactions, and revealed many inter- 
esting structural changes. As 
quenched, the steel contained dis- 
location networks in a martensitic 
structure and filmy precipitates of . 
carbides. When the steel was tem- 
pered, M,C carbides precipitated to 
grow as the temperature rose. How- ° 
ever, at 900° F., most of the M,C 
carbides had _ redissolved (being 
somewhat unstable), and M7;C, an 
Mo3C, carbides had nucleated in- 
dependently at boundaries and ma- 
trix imperfections. _Chromium-de- 
pleted regions were observed in 
specimens tempered at 1000° F.; 
) this reaction probably contributed to 
the decreased corrosion resistance of 
Here is another example of the extraordinary fatigue life you 
above, alloy nitrides of the MX 
type appeared. Other observations: 
vacancy dislocation loops, marten- 


Prove 


SANDVIK 


SPRING 
STEEL’S 


Fatigue 
Resistance 


ean get from Sandvik Spring Steel. 
C. P. CLARE & CO. uses Sandvik 12W12C1 Steel as the spring 


support for the armature assembly in their line of Mercury-Wetted Con- sitic eanbevos. dislocation phenomena 
tact Relays. Here, from a letter by Mr. C. H. Smith is what they say such as _ ye disloca- 
about it. tion pile-ups, and subboundaries. 


“The steel piece deflects through a complete cycle — once for 


each operation of the relay. Sandvik Steel was chosen for its excellent Relationship Between Fatigue and 
Damping Characteristics and 
Microstructure of 12% Cr Steels 


by E. J. Dulis, V. K. Chandhok and 


fatigue resistance. When you realize Clare HG relays have a life expect- 
ancy measured in billions of operations you can see the importance we 


place on selecting top grade materials.” 

The steel used for this application is only one of Sandvik’s many J. P. Hirth 
types of specialty spring steels. Each type provides consistent, predict- According to this work, 12% Cr 
: ____ able results for a specific range of application. steels (such as Type 410) Pee 
: contain substantial amount of delta 
For ee information on Sandvik Specialty Steels and how they ferrite (15 to 20%) have unusually 
can be applied advantageously, use the coupon below or send us a note high fatigue strengths and damping 
on your letterhead. capacities at 500 to 700° F. The 
enhanced strength was related to the 


precipitation of alpha prime (a high- 
chromium, body - centered cubic 


SANDVIK STEEL, INC. hase) in the delta ferrite during 
1702 NEVINS ROAD, FAIRLAWN, N. J. onl testing. 


Tel. SWarthmore 7-6200 In N.Y.C. ALgonquin 5-2200 
Branch Offices: Cleveland ¢* Detroit © Skokle, ill. © Los Angeles 
SANDVIK CANADIAN LTD. P.O. Drawer 1335, Sta. O. Montreal 9, P.Q. Ax 
Works: Sandviken Sweden wd 


SANDVIK STEEL , INC. 1702 Nevins Rd., Fairlawn, N. J. Wednesday, October 25 — 2:00 p.m. 


CD Please send me further information on Sandvik Steels. Liquid-Metal Fuel Constitutions II; 
f ( Please have your representative phone for an appointment. Liquidus Curves of the Bismuth 


Fission-Product Systems 


j by D. G. Schweitzer and 

COMPANY J. R. Weeks 

f : ADDRESS The solubilities of the long-lived 
. fission products in liquid bismuth 
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1 Largest, Most Brilliant 
Screen Image for 


conference viewing. 


* Bright field—dark field observation. 
* Vertical illuminator for bright field—polarized 
light — oblique illumination. 

* Phase contrast accessories. 


* Selection of low-power macro vertical illuminator 
(28mm field at 6.3x). 


* New Plano optics for largest field of view and 
maximum definition. 

* 5” x 7” camera with revolving back from horizon- 
tal to vertical format. Adaptable to picture-in-a- 
minute photography; 4” x 5” film holder. 


Highest Quality Plano 
Flat Field Objectives 


for best detail and largest 
fields of view. 


ely offers you the Micro-Metallograph 
_ that combines these important features... 


New High Intensity 


Xenon Lamp; 1,000-hour 
constant light source, no flar- 
ing, no attention needed. 


* Large 13%” diameter projection screen shows 
image simultaneously with microscope. 

* Fine fresnel lens assures brilliant, sharp image 
that is clearly visible even in well-illuminated room. 
* Conference observation for extended periods of 
time without eye fatigue. 

* Push-button selection of 7 filters in quick-change 
mounts. Filters not in use automatically swing out 
of light path. 

*« Constant 500-watt Xenon lamp of superior inten- 
sity, producing even illumination for full range of 
magnifications. 


Other fine equipment for metallurgical analysis: Leitz DILATOMETER — for more precise determina- 
tions of expansion coefficients * Leitz HEATING MICROSCOPE—for analysis under controlled heating conditions. Available 
with facilities for polarized light « Leitz METALLUX MICROSCOPE—includes phase contrast for superior metallography « 
Leitz SHOP MICROSCOPE—with the world’s finest optics for greater definition, clearer image and easier metallographic 


examinations. 


Get all the facts...write for literature; full information on all the 
important new features and conveniences built into the latest Model 
MM5 Micro-Metallograph available. Fill out and mail coupon TODAY. 


Ernst Leitz GmbH Wetzta 
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©. LEItZ, INC., 466 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Oistributors of the wortd-famous products of 

r, Germany-Ernst Leitz Canada ttd 
LEICA CAMERAS LENSES PROJECTORS . MICROSCOPES GINOCULARS 


POSS 


* _E. LEITZ, INC., 468 Park Avenue South, New York 16, WN. Y. 


' 
| Gentlemen: Dept. MP-10 
H [] Please send me complete information on the Model 
' MM5 new Leitz Micro-Metallograph. 
1 () Kindly have Leitz representative or authorized dealer 
' phone for appointment to arrange for demonstration 
' of Micro-Metallog-aph at no obligation to me. 
Name. 
Address 
City Zone State 

Telephone 
' 
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THIs SHOT 
AND THIS GRIT. 
MAKE BOTH 
IRON AND 
QUALITY CONTROLLED 
THINK 
THE MOST 
“PERSUASIVE ABRASIVES” 
MONEY CAN BUY. 
OUR CUSTOMERS DO, 
T00. 


CLEVELAND is the name and the place for 
PERSUASIVE ABRASIVES 


LEVELAND 
ETAL 
BRASIVE COMPANY 


World’s Largest Production Capacity 
GENERAL OFFICE: 888 East 67th Street + Cleveland 3, Ohio 

9560-CMA PLANTS: AT Howell, Michigan; Toledo; Cleveland + Teletype: cv 901 
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*Made in our modern 
electric furnaces. 


182 


Abstracts . . . 


have been measured at tempera- 
tures between 300 and 700° C. 
(575 and 1300° F.). These in- 
clude strontium, barium, yttrium, 
cerium, praeseodymium, neody- 
mium, samarium, germanium, zir- 
conium, molybdenum, tellurium, ru- 
thenium, rhodium and_ palladium. 
This work was intended to determine 
solubilities of individual fission prod- 
ucts, the manner in which a selected 
mixture of them affected the ura- 
nium solubility, and the manner in 
which the noble fission products in 
large quantities affected the in- 
hibitor solubilities. 


Liquid-Metal Fuel Constitutions IV; 
Effects of Alkali Metals on the 
Solubility of Uranium in Bismuth 


by D. G. Schweitzer and 
J. R. Weeks 


In investigating the effects of al- 
kali metal impurities on the U-Bi 
liquidus, the authors found that 
small additions of sodium, potas- 
sium and cesium increased the solu- 
bility of uranium, but that large 
additions of sodium decreased it. In 
theory, since all of the alkali metals 
(and uranium as well) form inter- 
metallic compounds with bismuth, 
they can be considered as electron 
donors to liquid bismuth; this inter- 
action probably contributes to the 
solubility phenomena. However, ac- 
cording to experimental results, the 
solubility increase was not directly 
proportional to either the relative 
electronegativities or relative atomic 
diameters of the alkali metals. As a 
consequence, to date there is no 
theoretical explanation for the ob- 
served solubility effects in these 
systems. 


Metallographic Studies of Al-Ni-U 
Bonds in Nuclear Fuel Elements 


by C. L. Angerman 


Through metallographic and x-ray 
diffraction techniques, the author 
identified the diffusion zones that 
occur in as-bonded fuel elements by 
correlating their appearances with 
those of similar zones developed in 
diffusion couples. Four zones were 
identified: Al,Ni, Al,Ni,, U,gNi, and 
UNis. 

The limiting factor in the quality 
of the bonds was the presence of an 
unidentified oxide within the ura- 
nium-nickel portion. When this 
oxide occurred as a continuous layer, 


bond strength averaged less than 
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is your reputation worth 5S¢ a pound ? Many a manufacturer, faced with rising 
costs and cost-cutting competition, has sought a solution to his problem in alternative materials. A good 
place to look. Trouble comes when a “substitute” is used instead of an “or equal” alternative ... when the 
saving of a few cents a pound is made at the expense of quality or service . . . when the gold is a 
“simulated” gold... or the brass is a “simulated” brass. 


There are practical ways to solve cost problems without endangering a hard-won reputation. Scovill Technical 
men have helped many fabricators find them . . . have been able to suggest better alloy specifications 
for a given job, better packaging or delivery scheduling to help customers save time and money. Often 
the superior uniformity of Scovill Mill Products, and their better fabricating characteristics, help to 
lengthen tool life, reduce downtime, reduce rejects, and produce a finer finished product. It will be worth 
your while to talk to us. 


copper 
aluminum 


mill products 


~metole Made Rettor to out the BESTim your products 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St. Waterbury 20, Conn. Phone PLaza 4-1171 
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 alloyd electronics 
introduces the E-Beam Mark VI electron beam welder 


The Mark VI electron beam welder makes possible what 
has previously been impossible in welding and brazing of 
refractory and reactive metals. 

It utilizes electron bombardment heating, carried out 
in a high vacuum to make possible ductile welds in reactive 
metals and in super-alloys containing reactive elements. It 
makes possible narrow welds with controlled depth-to-width 
ratios. It makes it possible to weld thin-to-thick sections with 
highly accurate positioning of the beam. It produces welds 
in the new ultra-high strength materials that match or exceed 
the properties of the base material. It holds dimensional 


The electron beam at your 
service — This Laboratory 
Welder is part of an advanced, 
complete facility for electron 
beam welding, brazing, evap- 
orating, melting, and zone 
refining maintained by Alloyd 
to meet custom requirements. 
We also offer engineering, con- 
sulting and research and devel- 
ment services in system de- 
sign and development. Ask us 
for complete information. 
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change toa minimum. And the process is fast. It could hardly 
be otherwise at these temperatures. 

The results: clean, crack free welds in even the most 
refractory and reactive metals...no contamination... 
optimum control and precision. 

For complete information on the Mark VI welder, the 
Mark V evaporator, and Alloyd’s engineering and custom 
services in electron beam applications, just write: 


alloyd electronics corporation 


An affiliate of Alloyd Corporation — 37 CAMBRIDGE PARKWAY, CAMBRIDGE, MASS. 


Mark V Electron Beam 


Evaporator — a reasonably 
priced, highly flexible unit for 
Producing thin metallic and 
non-metallic films by vapor 
deposition through electron 
bombardment heating. Com- 
pletely self-contained. An in- 
valuable research and develop- 
ment tool for thin-film applica- 
tions, including micro-minia- 
turized electronic circuitry, 
optical filters, resistors, capac- 
itors, memory devices and 
countless other components. 
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. » Economy 
. Versatility 


Steel 


Die of AH-5 Tool Stee/ 
Forms Sheet Steel Auto Frames 


This huge die, of Bethlehem AH-5 tool 
steel, was made by Parish Pressed Steel 
Division of Dana Corporation to form 
automobile frames. Hardened to Roek- 
well C 60-62, the die handles sheet steel 
120 in. thick. 

Engineers at Parish like the wear- 
resistance of AH-5, which enables them 
to produce about 25,000 frames before 
slight redressing ef the die becomes 
necessary. AH-5’s low distortion and 
good shock-resistance were also singled 
out for favorable comment. 


AH-5 is an air-hardening grade con- 
taining 5 pet chromium. It’s an easy 
steel to machine because it can be an- 
nealed to 212 Brinell. Here’s its typical 
analysis: 

Carbon 1.00 Chromium 5.25 
Manganese 0.60 Molybdenum 1.10 
Vanadium 0.25 
AH-5 assures economical, long-run per- 
formance from forming and blanking 
tools, dies, and punches. For full par- 
ticulars about AH-5 or any of our other 
air-hardening tool steels, get in touch 

with your Bethlehem distributor. 


4 For maximum wear use LEHIGH H 


A maker of beer can openers produced 
several million pieces with die of Lehigh 
H (our AISI D-2 grade). Lehigh H 
provides outstanding wear-resistance in 
a variety of difficult applications be- 
eause of its high concentration of well- 
distributed carbides. 

It’s also easy to machine. An air- 
hardening grade, Lehigh H has a high- 
carbon, high-chrome analysis. 
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BETHLEHEM TOOL STEEL 
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h Here Are the Facts on Clearance: 
It’s the Blank That 
Tells the Story 


Operators of punching, blanking, and 
shearing equipment recognize that 
proper clearance between punch and die 
is necessary for good operation. The 
right amount of clearance produces the 
lowest cutting pressure and the least 
wear on the tools, and also makes pos- 
sible clean, sheared edges which are free 
from burrs. 

The most common rule for clearance 
is this: clearance should be about one- 
tenth the stock thickness. Yet in many 
shops there’s a continual search for 
some “magic” formula that will more 
accurately determine the proper clear- 
ance ... which in turn will automati- 
cally eliminate whatever type of trouble 
is current. 

There is no need to wait for such a 
formula to be developed because it is 
not actually needed. Examination and 
evaluation of the blanks, or sheared 
edges being produced, will tell whether 
the proper clearance is being used. 
Sheared edges produced with proper 
clearance will show “shear” (the smooth, 
shiny portion) for about 1/5 to 1/3 the 
stock thickness; the remainder of the 
edge will show “fracture” (this is the 
rough, granular part). If the “shear” 
oceupies too great a portion of the 
thickness, it indicates the clearance is 
too great; when the “shear” is too little, 
insufficient clearance is indicated. If 
heavy burrs are present on the sheared 
edges, and if the blanks are “cupped,” 
then the clearance is too great. Burrs 
on portions of the sheared edges may 
indicate misalignment or dull tool edges 
which, in effect, change the clearance 
from the amount theoretically present. 

Developing and maintaining proper 
clearance pays off in the production of 
high quality parts, and also results in 
minimum tool wear and low tool costs. 
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To avoid copper and brass cleaning problems 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN + OVER 160 MATERIALS 


Electroclean copper and its alloys 
with speed—without tarnish 


Oakite 191 gives fast, thorough action in electrocleaning 
brass and other copper alloys . . . simultaneously protecting 
against tarnish especially in reverse current tanks. Speeds 
removal of shop soils, smuts, light buffing compounds... 
provides an effective, non-tarnishing pre-soak for heavily 


contaminated parts. 

But that’s not all! It tolerates chromic acid drag-in . . . has 
high conductivity for efficient use of power . .. works well in 
hard water . . . rinses freely . . . has long life . . . no objection- 
able odor... won’t form precipitate or water-break marks 


on the work. 

Oakite 191 is one of a complete line of materials for 
cleaning any metal—even the problem ones. Ask the Oakite 
man. Or send for Bulletin F-9355. Oakite Products, Inc., 
26 Rector Street, New York 6, N. Y. 


it PAYS to ask Oakite 
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10,000 psi. Furthermore, the bond 
corroded rapidly in pinhole tests. 
However, when the oxide occurred 
as dispersed particles, bond strength 
was greater tran over 15,000 


psi.) and corrosion resistance was 
much better. 


Effect of Oxygen on the Properties 
of Zircaloy-2 


by L. S. Rubenstein, F. L. Shubert 
and J. G. Goodwin 


When oxygen (900 to 10,000 
ppm. for this work) was added to 
Zircaloy-2, it formed a homogeneous 
alloy with properties that varied ac- 
cording to the amount of oxygen. 
With increasing oxygen, hot forging 
and rolling temperatures rose, and 
cold rolling ductility dropped. As 
for mechanical properties, yield and 
tensile strengths rose as did hard- 
ness. Finally, corrosion resistance 
dropped with increasing oxygen con- 
tent. When over 2000 ppm. oxy- 
gen was present, weight gains in cor- 
rosion tests were in excess of those 
currently specified (28+10 mg. per 
sq.dm.). 


Plastic Deformation 


Wednesday, October 25 — 2:00 p.m. 


Shear Deformation of Magnesium 
and Zinc Single Crystals 


by W. L. Phillips, Jr. 


In direct shear, the stress-strain 
curves of magnesium and zinc 
single crystals were independent of 
initial orientation and were recover- 
able even after strains. With mag- 
nesium, extra stress was needed to 
continue straining the crystal when 
the slip direction was shifted either 
60 or 120°. When the direction of 
shear was reversed, plastic flow be- 
gan at a stress much lower than that 
required for the onset of slip in the 
original direction. Furthermore, a 
permanent loss in strain hardening 
accompanied continued strain. Both 
the lowering of the flow stress and 
the permanent loss in strain were 
proportional to prior strain. 


Effect of Stress Decreases on Creep 
of Aluminum in the Dislocation 
Climb Region 


by L. Raymond, W. D. Ludemann, 
N. Jaffee and J. E. Dorn 


In the dislocation climb region, 
the instantaneous creep rate de- 
pended upon the stress, temperature, 
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NEW COMPACT GIRDLER 
HYDROGEN SULFIDE 


UNITS produce 


from 1 to 5 tons per day 


economically! 


Solves the need for sulfide 
to handle by cylinders Girdier can now offer you low cost 
compact hydrogen sulfide package units with capacities from 1 to 5 tons per 
day. The small unit will produce up to 2000 pounds per day, and a larger 


pn dirs ene unit produces from 2000 to 10,000 pounds per day. They will 
csntttiiiaatuilins efficiently and economically at a fraction of their rated capacities. 

compact Units to- 3 They utilize a simple new Girdler process based on the ~ 

prs meagan with liquid sulfur at elevated temperature and pressure to produce hydrogen 
how and proven en- sulfide gas. The complete units are fabricated at Girdler's shop and are shipped 


of high-tempera- 
ture, high-pressure 
processing plants. 
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Paint a parking lot 
with colloidal graphite ? 


Maybe not practical . . . but very possible. A pound of colloidal 
graphite contained in ‘Aquadag’® is capable of coating a surface area 
of over half an acre! Under similar circumstances 325 mesh graphite 
will hardly cover the area of a two car garage. Increased film coverage 
enables Acheson to supply both quality as well as greater economy in 
its dispersions. IT’S A MATTER OF COST PER AREA OR APPLI- 
CATION RATHER THAN COST PER POUND! Engineering note: 
Acheson dispersions provide a thinner film which does not affect 
tclerances . . . a distinct advantage in many industrial applications. 


To learn more about the unique advan- 
tages of Acheson dispersions as they 
apply to your lubricating problems, write 
Dept. MP-I01. 


ACHESON-—First name in solid lubricants for fifty-three years. 


© AGHESON colloids company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Sales offices in principal cities. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, Englang 
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and the instantaneous substructure. 
During the primary stage of creep, 
the decrease in rate was attributed to 
more closely spaced barriers. As 
cree pene i the rate decreased 
until a minimum value was reached; 
this was presumably due to a thin- 
ning out of the piled-up dislocation 
arrays against barriers. Finally, the 
creep rate increased to the secondary 
rate for the new stress. According 
to the paper, this was the result of 
recovery of the more closely spaced 
barriers and their replacement by a 
new, more widely spaced steady- 
state distribution appropriate to the 
new stress. Due to recovery of 
barriers, the same secondary creep 
rate was eventually obtained for a 
given final stress regardless of the 
preceding creep history. 


Investigation of the Intermediate 
Temperature Ductility 
Minimum in Metals 


by F. N. Rhines and P. J. Wray 


According to the authors, the 
brittleness range which occurs just 
below the recrystallization tempera- 
ture in most ductile metals is caused 
by grain-boundary shearing and as- 
sociated intergranular rupture. Cav- 
ities appear to nucleate at four-grain 
intersections, and grow intergranu- 
larly as long as they lie upon shear- 
ing grain boundaries. At normal 
testing rates, cavity growth is limited 
to the temperature zone between the 
recovery and recrystallization tem- 
peratures. However, at very low 
testing rates, a second ductility mini- 
mum occurs at somewhat higher 
temperatures; a critical relationship 
between recrystallization rates and 
grain-boundary migration again fos- 
ters cavity growth. 


Cumulative Fatigue at High Plastic 
Strains 


by Dogan E. Giicer 


In engineering, there is a trend 
towards lowering safety factors and 
designing structures to last only for 
the intended life. Thus, it is neces- 
sary to know the endurance limit 
in structures subject to fluctuating 
loads. In this work, cumulative as- 
pects of high strain fatigue were 
emphasized; the author showed that 
cumulative fatigue assumptions were 
applicable at high plastic strains 
(from 100 to 2500% above the 
endurance limit) when stabilized 
strain range was used as a severity 
of loading index. 
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To withstand these extreme corrosive and 
wear conditions a leading automotive producer 
manufactures their muffler from a double-thick lami- 
nated shell with four zinc-coated surfaces. Key baffles 
and rear pipe are also zinc-coated. 

This is another example of the protective 
qualities of zinc galvanizing. Even if the corrosion- 


defying zinc skin is broken by impact or abrasion, the 


AND -—-THE 


steel continues to be protected by zinc’s galvanic 
action. The zinc sacrifices itself slowly while saving 
the base metal from rust. 

No other metal or combination of metals can 
give this assurance of long life, at comparable cost. 
Only zinc-coated steel has this combination of strength, 


formability, corrosion-resistance and economy. 


ZINC FOR THE JOB 


St. Joe was the pioneer in the production of 
“tailor-made” zinc electronically-matched to the re- 
quirements of the continuous galvanizing lines and 
today is the largest supplier of this metal to the steel 


industry. 


ST. JOSEPH LEAD COMPANY 


NEW YORK 17, N. Y. 


ST. JOE 


250 PARK AVENUE 


OCTOBER 1961 
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You see all there is 
to see, with this 


BAUSCH & LOMB 


METALLURGICAL 
MICROSCOPE 


... because this is the metal- 
lurgical microscope that lets 
you study opaque specimens 
by your choice of bright field, 
dark field, or polarized light— 
with critical resolution of fine 
detail for today’s clearest and 
sharpest views. 


Made in 
America to BAUSCH & MB 
the world’s q 
highest SINCE 1853 
standards 


BAUSCH & LOMB INCORPORATED 
84922 Bausch St., Rochester 2, N. Y. 


Please demonstrate Metallurgical 
Microscopes. 
(] Please send Catalog D-1053. 


Centrifugal Creep Testing of 
Pure Aluminum 


by D. E. Deutsch, R. 8. Carey and 
J. L. Hull 


Since 1948, Russian engineers 
have used centrifugal creep testing 
machines to screen materials for 
high-temperature applications. This 
investigation, which was earried out 
by testing aluminum specimens at 
temperatures ranging from 323 to 
542° K. (120 to 520° F.), showed 
that this type of test can be used 
for obtaining quantitative data. Re- 
sults are in good agreement with 
those obtained by conventional 
creep testing. As for advantages of 
this method of testing, up to 32 tests 
can be made by centrifugal creep 
equipment in the time normally 
needed for one test in a conventional 
creep testing machine. 


Transient and Destructive 
Instability in Torsion 


by N. H. Polakowski and 
S. Mostovoy 


The authors show that cold 
stretched or drawn _ polycrystalline 
copper, iron and some of their alloys 
deform in torsion by propagation of 
localized, annular shear zones, and 
offer a tentative explanation for the 
phenomenon. The results presented 
in the paper appear to throw a new 
light on certain little-understood as- 
pects of the mechanical behavior of 
metals. 
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Physical Metallurgy 


Prediction of Atomic Mobility in 
Metallic Systems 


by O. D. Sherby and M. T. Simnad 


According to this report, intended 
to introduce a method for correlat- 
ing all self-diffusion data which per- 
mits an approximate prediction of 
atomic mobility, the rate of volume 
self-diffusion in metallic systems 
can be predicted by mathematical 
means. 


A New Method for Determination of 
Liquid—Liquid Equilibria as 
Applied to the Fe-C-Si-Mg System 


by P. K. Trojan and R. A. Flinn 
By applying argon at a pressure 


greater than the vapor pressure of 
magnesium, a layer of liquid mag- 


nesium can be maintained over an 
iron-base melt without _ boiling. 
Through this technique, the experi- 
menters were able to determine the 
solubility of magnesium in an iron- 
base liquid; they found it to be up to 
3%, much higher than previously 
supposed. e factors affecting 
solubility in order of decreasing im- 
portance are carbon content, tem- 
perature, and silicon content. As a 
matter of interest, this method can 
be applied to other alloy systems. 


Measurement of Interlamellar 
Spacing of Pearlite 


by B. Gregory, H. T. Hall and 
G. Bullock 


In examining the influence of the 
numerical aperature of the micro- 
scope objective on the spacing of 
pearlite plates, the authors found 
that “two-surface” and “partial-reso- 
lution” methods gave comparable 
results when the latter method was 
performed with an objective with a 
resolving power greater than the 
mean spacing of the plates of 
pearlite. Pearlite spacings in a 
eutectoid carbon steel have been 
measured and correlated with iso- 
thermal formation temperatures. 


Quantitative Metallographic 
Analysis of Graphite Size in 
Ductile Cast Iron 


by J. H. Brophy and M. J. Sinnott 


According to the results of this 
investigation, the maximum size of 
graphite spheres present in a casting 
of ductile iron varies with the thick- 
ness of the casting section, the larg- 
est spheres being observed in the 
thickest sections. Within a given 
section thickness, sphere sizes vary 
continuously from large to small. 
However, the average sphere size 
throughout the casting is essentially 
independent of the casting section 
thickness. The authors suggest that 
the sphere size apparent to the ob- 
server of a micrograph is the maxi- 
mum size for the particular section; 
therefore, the average size of sphere 
in the casting is unrecognized be- 
cause it is relatively constant 
throughout all sections. 


Wrought Lead-Cadmium-Nickel 
Alloys 


by D. N. Williams, K. R. Grube and 
R. I. Jaffee 


This report concerns the metal- 
lurgical characteristics of a lead 
alloy which is strengthened by two 
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solution hardening and dispersion 
hardening. The solid-solution hard- 
ening addition, 1.5% Cd, improved 
tensile strength and resistance to 
slow strain-rate fatigue failure, 
while the dispersion hardening addi- 
tion, 0.2% Ni, raised the resistance 
to creep. Neither addition impaired 
corrosion resistance. This alloy, ac- 
cording to the authors, can be cast 
by conventional techniques, and will 
extrude and roll satisfactorily. 
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Effect of Surface Finish on 
Properties of Beryllium Sheet 


by W. V. Ward, C. O. Matthews and 
M. I. Jacobson 


In this investigation, the authors 
evaluated the effects of as-received, 
surtace-ground, milled, shot-peened, 
and etched surfaces on mechanical 
properties of beryllium sheet by ten- 
sion tests (at room, elevated and 
subzero temperatures), notched 
tensile tests, fatigue tests and impact 
tests. Their results indicated that 
as-rolled beryllium sheet contained 
surface defects which lowered duc- 
tility. These defects could only be 
permanently removed by etching 
(machining merely introduced other 
defects which were also detrimental 
to ductility). In all instances, duc- 
tility was low, being limited by the 
presence of notches and preferred 
orientation. However, heating be- 
tween 400 and 600° F. raised duc- 
tility; the authors indicate that 
beryllium could be formed in this 
range “with a reasonable degree of 
success”. Room-temperature tests 
alone could not satisfactorily dis- 
criminate between the various de- 
grees of surface damage because of 
scatter. As a consequence, the 
authors suggested that tests con- 
ducted over a range of temperatures 
(impact tests, for example) are bet- 
ter for detecting small differences in 
the ductility of beryllium. 


Influence of Warm Prestressing on 
the Notch Properties of Several 
High-Strength Alloys 


by E. A. Steigerwald 


Notched samples of Vascojet 
1000, M800, and B 120 VCA were 
prestressed above their transition 
temperatures, the idea being to re- 
duce the notch sensitivity in each 
grade. Though the technique pro- 
duced substantial improvement 
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separate physical reactions: solid- 


Bausch & Lomb salutes: 


J. Neilson 
R. Johnson 


.. Blue Ribbon Award Winners, 
1960 A. S. M. Metallographic Exhibit 


BLUE RIBBON AWARD 


WINNERS for best pho- 


mM tomicrograph in its class 


—Messrs. Nelson and 

Electric Corp., East Pitts- 
4 burgh, Penna. 


THEIR AWARD-WINNING 
PHOTOMICROGRAPH, 
MADE WITH A 

BAUSCH & LOMB 
RESEARCH 
METALLOGRAPH— 

“Dual Dendrites Co-Existing 
in Eutectic Matrix of a 


Tellurium-Silver-Antimony 
Alloy.” 


Bausch & Lomb Metallographs help industry boost output and 
maintain quality by providing detailed magnified images—visual or 
photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of 
metallographic equipments. It provides ready choice of four different 
views of the same sample—by bright field, dark field, polarized light, 
or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses 
can help you save on time and materials. Write for Catalog E-240, 
and for complete expert advisory service. No obligation, of course. 


Bausch & Lomb Incorporated, 63822 Bausch St., Rochester 2, N. Y. 


Made in America, to the world’s highest standards. BAUSCS & LOMB 


VISIT B & L BOOTH 232, NATIONAL METAL EXPOSITION pe Reed ae 
DETROIT, OCTOBER 23-27. 
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Notaworry 
the world 
\...witn (0710 PYROTROLLER’ 


positive temperature control 


1. Pyrotroller—an electronic temperature 


¢ontrolling instroment. 
temperatures in heat treating Seo us ob the 
furnaces, ovens, plastic moulding, Metal Show 
BOOTH 915 


cooking vessels or for any constant 
temperature requirement. Operates 
fo prevent overheating even with 
power failure. 


The simple, rugged circuitry in the Pyrotroller has a minimum 
of components that operate well below their rated capacities. 
The circuit is not critically tuned and there is no need for 
repeated adjustment, no shifting of the control point, no need 
for preselection of the one standard vacuum tube. Sapphire jewel 
bearings and the very high Alnor standard of precision 
construction makes the Pyrotroller extremely accurate 
particularly in the low temperature ranges. 

The Alnor Pyrotroller is available in a wide range of 
temperatures, —100° F. through various maximum temperatures 
up to 3000° F. The minimum scale span is 400° F. and 
various ranges can be supplied to meet your particular installation. 
Write for complete information. Our engineering service is 
available on special requirements. 


New products in addition 
to our regular line 
will be displayed. 


ALNOR INSTRUMENT CoO. 


Division of Illinois Testing Laboratories, Inc. 
Room 523, 420 N. LaSalle St., Chicago 10, Illinois 
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(about 100%) in the room-tempera- 
ture notch properties of the first 
material, this did not occur in the 
others, presumably because of the 
inability to obtain large preload 
values. Notch properties were ap- 
parently improved by the presence 
of compressive residual stresses at 
the notch front; these stresses were 
introduced by prestressing. 


Strain-Hardening Properties of 
High-Strength Sheet Materials 


by F. R. Larson and John Nunes 


The authors have compiled a 
large amount of data concerning 
the true stress-strain properties of 
several high strength alloys includ- 
ing H1l, AM 350, AM 355, Type 
301, 4 Al, 3 Mo, 1V, and 6Al, 4V 
(the latter two are titanium alloys). 
These tests, which were made on 
sheet specimens at several strength 
and temperature levels, provided re- 
sults which were analyzed in terms 
of strength strain-hardening 
property trends previously reported. 


Additive Effects of Alloying 
Elements on the Mechanical 
Properties of Cast Austenitic Alloys 
at 1500° F. 


by D. L. Sponseller, R. A. Flinn and 
R. W. Kraft 


ined effects of boron, carbon, 
aluminum, molybdenum, colum- 
bium, nitrogen and titanium on an 
austenitic iron-base alloy (18% Cr, 
18% Ni), the authors — a 
cast heat-resistant alloy which ex- 
hibited a 100-hr. rupture strength 
of 30,000 psi. Nominal composi- 
tion: 18% Ni, 18% Cr, 0.3% C, 
1.25% B, and 5% Mo. 

Since as-cast ductility of this 
alloy was low, the authors experi- 
mented with various compositional 
changes and heat treatments. By 
altering the nominal —— 
through lowering carbon and boron 
(to 0.25% and 0.90%, respectively) 
and adding 2% W, they were able 
to produce 4% elongation and 4% 
reduction in area at room tempera- 
ture with a 2150° F. soak, followed 
by air cooling. The resulting 100- 
hr. rupture strength was 28,900 psi. 


By investigating the separate and 


Hardness Anistropy of Columbium 
by D. L. Douglass 

When testing single crystals of 

columbium by microhardness meth- 

ods, the author determined that 
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metal fabricator in the world. Products 
clude: fuselage frames (aluminum); land- 
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to analyze wide variety of metals for aircraft and missile forgings 

larger volume and wider variety of | do the work of two. Cha ver takes 
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_ More than 5,000 analyses are te on 
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what brass 
is doing now! 


Tough brass for the big fish! 


Here’s a unique deep-sea fishing reel spool converted to a 
Titan brass pressure die-casting. Fishermen found that the 
previous spool of the reel buckled under convulsive pressure 
of deep-sea marlin and tuna on modern fishing lines. 


Stronger, wear-resistant, corrosion-resistant Titan brass die 
casting solved the problem. In fact, the higher strength of this 
die casting allows even thinner, streamlined spool sections. 
And here’s the unique part: It’s a spool in one piece! .. . all 
because of Titan brass ingenuity. 


Like advantages can be yours when you switch to Titan brass 
pressure die castings. Let us help design and quote on your 
component parts. 

Call your nearest Titan Man for detailed data and a brass die 
casting quote, or send your sample and blueprint to Bellefonte, 
Pa., or Newark, Calif., for fast service. 


Send for latest folder 
on Titan Pressure Die Castings 
Write us on your letterhead. 


TITAN METAL MANUFACTURING COMPANY 


® b|VIS!tON OF CERRO CORPORATION 


Bellefonte, Pa. * Newark, Calif. * Offices & Agencies in Principal Cities 
Established 1915 RODS * FORGINGS + DIE CASTINGS * WELDING RODS ¢ WIRE 
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Knoop hardness varied considerably 
with both the crystal plane tested 
and the orientation of the indenter 
within the plane. He concluded 
that the complex state of stress 
which existed along with the multi- 
licity of possible slip systems 
imited evaluation of deformation to 
a qualitative basis. 


S Space-Age Metals — II 


Thursday, October 26 — 2:00 p.m. 


Constitution and Transformation 
Behavior of the Ti-8AI-8Zr-1 
(Ta +- Cb) Alloy 


by Harold Margolin and 
Elmars Ence 


For this work, the authors investi- 
gated the constitution and the cold 
working and aging behavior of this 
titanium alloy. They noted readily 
discernible structural changes which 
could be correlated with hardness 
after room-temperature working 
and after elevated-temperature ex- 
posure. 


Investigation of Notch Sensitivity in 
A-286 Alloy 


by Gerald B. Heydt 


Data obtained in this investiga- 
tion indicate that notch sensitivity 
in A-286 is due to a poorly devel- 
oped cellular type of grain-boundary 
precipitate which is visible only with 
an electron microscope, rather than 
a well-developed cellular precipi- 
tate which may be observed at re- 
latively low magnifications. The 
latter phenomenon was previously 
thought to be associated with notch 
sensitivity. 


Mechanical Properties of 
Unalloyed Vanadium 


by John W. Farrell 


For this paper, the author deter- 
mined a number of mechanical prop- 
erties of vanadium as consolidated 
by consumable-electrode melting, 
hot extrusion and cold working. 
The reported data, which were de- 
termined for both cold worked and 
recrystallized material, include short- 
time tensile properties for bar and 
sheet from —320 to 2000° F., yield 
point and strain-aging phenomena, 
notched-bar tensile properties, true 
stress versus true strain determina- 
tions, the strain-hardening coefficient 
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Fifty different job lots are 
heat treated in 24 hours in 
this one Alicase® furnace. 

The Ohio Metallurgical Service of Elyria, Ohio. 
is finding the Surface Allcase Furnace the solution 
to maintaining high quality, competitive prices, and 
fast delivery. A large variety of smail job lots, such 
as small machine components, forgings, and auto- 
motive parts, are treated in a carbon controlled 


Check our latest developments 
at the Metal Show, Oct. 23-27, 
in Detroit’s new Cobo Hall 


atmosphere, which adjusts automatically. 

Critical temperature control has eliminated 
warpage of even the smallest springs. Unique 
Surface Power Convection permits uniform heating 
of high density loads and uniform atmosphere con- 
tact for all parts, eliminating rejections. Gas con- 
sumption has been reduced 30 percent. 

Write for information: 2377 Dorr St., Toledo 1, 
Ohio. In Canada: 2490 Bloor St., West, Toronto. 


SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/a division of Midland-Ross Corporation yA 
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FUME SCRUBBERS—Packed tower and wet 
cyclone types in standard sizes from 1,000 
to 30,000 C.F.M. Solid plastic, lined steel, 
stainless or alloy construction. 


of Cleveland 


Complete facilities including solid 
plastic, alloy, carbon steel and lined 
steel tanks; rubber, vinyl and _ plastic 
tank linings and coatings; and external 
and immersion type heat exchanger 
units for use with acids and other cor- 
rosive solutions. 

Complete ventilating systems—or 
individual components—including tank 
covers; fume collecting hoods and 
exhausters; ducts and fittings; stacks; 
centrifugal and axial fans; and fume 
scrubbers; all constructed of Heil 
service - proved Rigidon (reinforced plas- 
tic), Rigivin (rigid vinyl) lined or coated 
steel or alloys. Wide range of standard 
sizes permitting installation by your own 
maintenance men or local contractor. 

Let the Heil corrosion engineers survey 
your needs and recommend the equip- 
ment that will provide utmost efficiency, 
economy and long, maintenance-free 
operation. Get full details— 


Send for bulletins describing Heil’s complete line 
of corrosion resistant equipment, —Write Today! 


CORPORATION 
12880 Elmwood Ave. « Cleveland 11, Ohio 


DUCTS AND STACKS—Solid 
plastic or lined steel construction. 
Rigidon round ducts in std. sizes 
from 4” to 108” I.D. Rectangular 
ducts to meet any requirement. 
Exhaust hoods, standard elbows, 
tees and other: fittings, all engi- 
neered for easy field erection. 


FANS—Centrifugal and axial 
fans in solid plastic or lined steel 
construction. No exposed parts to 
rust. Extremely wide range of 
standord sizes. Completely pre- 
engineered to speed delivery. 


TANKS— Solid plastic, alloy, steel 
and lined steel tanks for acid, 


alkaline or other chemical pro- 
cessing. 


shape or capacity. 


HEAT EXCHANGERS—Nocordal 
Impervious Graphite construction 


assures utmost cor- 
sion resistance. No 
metallic contamination. 

External heat ex- 
changers in a wide 
range of standard 
sizes, also grid type 
immersion heaters with _ 
large surface areas to 
ossure rapid heat 
transfer. 
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and exponent, elastic modulus meas- 
urements, work-hardening character- 
istics, bend and Erichsen tests, and 
crystal orientations. 


Effect of Temperature Expos 
the Microstructure of 4.5% AlI-3.5% 


Practically any size, 
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Ti Nickel-Base Alloy 


by J. F. Radavich and 
W. H. Couts, Jr. 


In this alloy, Mo3Cg, M3Bo, TK, 


TiN, and gamma prime phases are 
present, their proportions depending 


upon the heat treatment. For this 
investigation, the authors soaked 
specimens of the material at various 
temperatures within the 1700 to 
1900° F. range, and examined the 
resulting phases by electron micro- 
scope, x-ray diffraction and x-ray 
fluorescence techniques. Amon; 
other items of they 
that gamma prime coalesces a preci- 
ably at 1900° F., and that deboroni- 
zation may begin between 1800 and 
1900° F. Since it is felt that the 
loss of boron in heat-resistant alloys 
would affect rupture properties, 
ductility, oxidation behavior, and 
possibly brazing qualities, this study 
shows the need for careful contro] 
of processing. 


Ww 
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Morphology ef Grain-Boundary 
ides and Its Influence on 

Intergranular Corrosion of Type 
304 Stainless Steel 


by R. Stickler and A. Vinckier 


Corrosion 


As revealed by corrosion tests, 
there was a direct relation between 
intergranular corrosion behavior and 
the morphology of grain-boundary 
carbides; poor resistance was as- 
sociated with sheets of small car- 
bides and good resistance with 
isolated dendritic particles. Accord- 
ing to the authors, the corrosion is 
an electrochemical reaction betwee 
the carbide particles and the matrix: 
a sheet of small particles thus pro- 
vides a continuous path for rapid 
penetration. Furthermore, the man- 
ner of carbide formation is strong), 
temperature-dependent; isolated 
dendritic particles are predominant 
in specimens sensitized above 
1350° F., sheets of connected par- 
ticles appear below 1200° F. 
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Protect downcomers 
from abrasion with 
heat-resistant concrete 


A heat-resistant concrete lining, being gunited in place, solves the problem 

of abrasion in this blast-furnace downcomer system. Made with Lumnite 
calcium-aluminate cement and aggregates, this smooth, jointless concrete lining 
will withstand the abrasive attack of particles in the gas stream — 

extending the life of the steel structure. 

In new installations or repairs, monolithic linings are easily and economically 
placed — by guniting, casting or troweling. Unit downtime is reduced because 
concrete reaches service strength in 24 hours. 

Other applications in blast-furnace systems include foundation pads, blast main 
linings, stove domes and other areas where resistance to heat and 

corrosion are required. 

For convenience, castables bonded with Lumnite cement are available from leading 
manufacturers of refractories. These are packaged mixtures, ready for use 

by adding only water. For more information, write Universal Atlas, 

100 Park Avenue, New York 17, New York. 


“USS,” and "‘Lumnite” are registered trademarks 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany Birmingham - Boston - Chicago - Dayton Kansas City Milwaukee - Minneapolis New York Philadelphia: Pittsburgh Louis Waco 
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ALL PURPOSE ROLLING MILL 
Low Cost 
Reversing FEATURE! 


Now! You can have a complete 
reversing strip mill facility, for less 
than you ever thought possible. 
With a Stanat 2-high/4-high com- 
bination mill, the two-way strip 
winding arrangement (as illustra- 
ted) is driven from the mill motor. 
Powerful air clutches provide 
extremely sensitive control over a 
wide range of tensions. 


Developed especially to meet the demand for a low cost, high precision 
rolling mill for use in laboratories and pilot production plants, these new 
Stanat mills are available with a complete line of accessories which can 
be furnished with the mill, or added later. Even the reversing mill feature 
can be added at a Jater date. 


®@ Stanat builds a complete line of laboratory and production 
rolling mills in a variety of sizes. Find out more about 
these economical rolling mills today. 


STANAT.... onve 


MANUFACTURING CO.,/NC.| WESTBURY, L. I., N.Y. 


MFR'S OF ROLLING MILLS, GANG SLITTERS, WIRE FLATTENING MILLS, ROLLER LEVELERS AND BULL BLOCKS 
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Corrosion Resistance and 
Mechanical Properties of Ti-Mo 
Alloys Containing Noble Metals 

by C. R. Bishop and Milton Stern 


According to the results of this 
investigation, the natural choice for 
maximum resistance to oxidizing 
conditions is unalloyed titanium; 
however, for highest resistance to 
reducing environments, titanium al- 
loys containing 30 to 40% Mo are 
indicated. For the best resistance to 
both types of corrosive conditions, 
and for fairly good mechanical 
properties as well, titanium-base 
alloys containing approximately 15 
to 20% Mo and 0.2% Pd would give 
the most satisfactory results. 


Investigation of the Effects of 

Fabrication Variables on Corrosion 
Resistance of Zircaloy-2 

by H. S. Kalish and H. M. Cobb 


In this investigation concerning 
the corrosive effect of 750° F. steam 
at 1500 psi. on Zircaloy-2 in various 
conditions, the authors found that 
corrosion resistance was affected by 
almost all changes in fabrication 
variables, but that only a few were 
important. For example, corrosion 
resistance was aided by secondary 
vacuum melting, and fewer reheat 
and conditioning operations during 
forging. Rolling in the 1450 to 
1675° F. range and homogenization 
treatments appeared to have little 
effect from a practical standpoint, 
and a heat treatment at 1900° F. fol- 
lowed by slow cooling was detri- 
mental to corrosion resistance re- 
gardless of fabrication and melting 
technique. 


Propagation of Stress-Corrosion 
Cracking in a Magnesium-Base 
Alloy as Determined by Several 
Techniques 
by W. M. Pardue, F. H. Beck and 
M. G. Fontana 


In this work, the authors investi- 
gated transgranular and intergranu- 
lar cracking in a magnesium alloy 
containing 6% Al and 1% Zn by 
tests conducted in a salt-chromate 
solution. Their results indicated 
that transgranular failure was a dis- 
continuous process involving alter- 
nate mechanical and electrochemical 
stages. On the other hand, inter- 
granular failure was continuous and 
entirely electrochemical in nature. 
Also, the specimens susceptible to 
transgranular failure were inherently 
more brittle than those susceptible 
to intergranular failure. 
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In the broad Tech/Ops line there’s prob- 
ably a gamma radiography unit that’s precisely 
right for your inspection job. Iridium’? units 
(10 to 100 curies) for handling steel 34” thick 
and up, or light metals over 2”. Cobalt® units 
(3 to 100 curies) for steel, brass, copper, super- 
alloys up to 6”. 


particle oF dye 


the me 
i ications 
$ at our Industrial ApP 
cope 
-image fluores 
with bright im 


tion equipment 


Lab 


it’s all in the day’s work for a Tech/Ops unit 


All of them are completely self-contained: every- 
thing needed for the job goes right along to it. Range 
in size and weight from a 58 Ib. suitcase (Little David) 
to easy-rolling wagons (Goliath). They’re simple to run, 
safe to use, rugged and dependable. The radiographs 
they turn out (with properly chosen techniques) are 
equal in every way to those made with x-rays — and so 
recognized by MIL codes. 


Tech/Ops Radiography Units cost little to buy (or 
rent, if you like). Matter of fact, over 80% of today’s 
isotope radiography is being done with units costing 
less than $3,000. 


To find out where these versatile inspection work- 
horses may fit into your scheme of things, call any local 
Picker office (see "phone book) or write Picker X-Ray 
Corporation, 25 So. Broadway, White Plains, New York. 
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Specially processed wire 
for use in SHEATHED 


THERMOCOUPLE 
ASSEMBLIES 


SPECIFICATION 3G-220 


THERMOCOUPLE ALLOYS 


One good reason for the fine reliability of sheathed 
thermocouple assemblies—in heat treating and chem- 
ical processing applications, jet engines, missiles, and 
nuclear reactors—has been the development of Hoskins 
Specification 3G-220 Chromel and Alumel wire. It’s a 
special grade of material produced specifically for 
swaged, rolled or drawn sheathed unit construction. 
And all that’s required to overcome adverse effects 
of such cold-working operations on its emf properties 
is a simple, quick heat treatment after fabrication. 
A brand new 36-page catalog-manual contains detailed 
technical data on this and the complete “family” of 
time-tested Chromel-Alumel thermocouple, lead-wire, 
and mechanical grade alloys. Want a copy? 


*The words “‘Chromel” and ‘‘Alumel” are registered trademarks of 
HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue « Detroit 8, Michigan «+ TYler 5-2860 


In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of Custom-Quality Electrical Resistance, Resistor and Thermoelectric Alloys Since 1908 
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Protective Coatings for Tantalum 
and Tantalum Alloys 


by W. D. Klopp and H. R. Ogden 


Protective coatings of aluminum, 
chromium, hafnium, silicon, titan- 

ium, binary combinations of these 

metals, zinc, and Al,O, were applied . 
to tantalum, and evaluated for static 

oxidation behavior between 2200 

and 2700° F. As to results, silicon . 
and silicon-rich alloy coatings (pro- 
duced by pack cementation) pro- 
tected tantalum and a high-strength 
tantalum alloy from oxidation at 
2700° F. for at least 8 hr. Silicon- 
aluminum alloy coatings were equal- 
ly as protective, and niall to 
possess limited self-healing prop- 
erties as well. Aluminum coatings 
protected unalloyed tantalum to at 
least 2700° F., but chromium, haf- 
nium, and titanium coatings were 
not useful above 2200° F. 


Development of Oxidation Resistant 
Coating for Molybdenum 


by P. J. Chao and D. K. Priest 


Though molybdenum-base alloys 
meet the property re- 
quirements of aerospace applications 
between 2000 and 3000° F., they 
are limited by their complete lack of 
oxidation resistance. To answer this 
need, engineers have developed pro- 
tective coatings for such alloys, the 
most advantageous coating tech- 
nique being the pack diffusion proc- 
ess. However, known techniques 
do not produce the required coatin 
integrity. As a result, this Home 
was undertaken to devise a desirable 
and reproducible coating system. 

After an extensive screening study 
of various pack diffusion systems, 
promising methods were evaluated 
in detail. Evaluation data for two 
promising coatings are presented, 
and scale-up operation, suitability of 
methods of fabrication of substrates, 
nondestructive tests and repairabil- 
ity are being investigated. 


An Oxidation-Resistant Aluminide 
Coating on Columbium Alloy F-48 


by Stephen Foldes 


This is a study of aluminide (Al- 
11 Si) coatings for short-time oxida- 
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Stainless steel has its own beauty secret. What meets the eye 
today will be unchanged 20 or 30 years from now, the finish 
still flawless, unmarked by wear or corrosive air. Unlike some 
architectural metals with beauty that is only skin deep, stain- 
less will last indefinitely — with little or no maintenance. 
Time-tested, consistent product performance like this comes 
from consistent quality materials—and J&L leads the stainless 
steel industry in melt shop standards, the point where quality 


impression 


starts. That is why J & L stainless, in a variety of finishes, is 

widely used in all types of buildings, inside and outside, wher- 

ever a first impression—and a lasting impression—is important. 
Your J & L distributor can provide the technical assistance 

and the consistent quality stainless 

steel you need, backed by the consult- 

ing services of J & L’s architectural 

department. 


Jones & Laughlin Steel Corporation 


BOX 4606 + DETROIT 34 + MICHIGAN 


STAINLESS 


STAINLESS and STRIP DIVISION SHEET-STRIP- BAR WIRE 


Tubes ready for a Nialk Trichlor degreasing bath at Wolverine Tube Division of Calumet & Hecla, Inc., Decatur, Alabama. 


HOW WOLVERINE TUBE CUTS DOWN 
DEGREASER CLEANOUTS 


Cleaning the inside of a one-inch by 
thirty-foot copper tube sets up a prob- 
lem. 

Yet Wolverine Tube, Division of 
Calumet & Hecla, Inec., removes dirt 
and chips from these and gets them 
immaculate while maintaining widely 
spaced cleanout schedules. 

The answer lies in the utilization of 
Hooker’s Nialk® TRICHLORethylene, 
the solvent with psp—permanent stay- 
ing power—in its stabilizer. 

It keeps the bath from going acid, 
even with bits of metal in it. And it 
lets Wolverine use baths for tube oper- 
ations three months before cleanout. 

The tubes are cleaned at many 
stages. ‘““‘We cannot use a solvent that 
might stain the walls of the tubing,” 
says Dalton F. Jackson, metallurgist 


410 


202 


in the technical section. “Nialk Tri- 
chlor does not stain.” 


D. F. Jackson (L) of Wolverine and W. H. 
Ames (R) of Wittichen Chemical Company, 
Birmingham, Alabama, distributor for Nialk 
Trichlorethylene, examine degreased tubing. 


HOOKER CHEMICAL CORPORATION 
UNION STREET, NIAGARA FALLS, NEW YORK 


Sales offices: Buffalo, Chicago, Detroit, Los Angeles, New York, Niagara Falls, Philadelphia, Tacoma, Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B.C. 
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Wolverine finds the system of de- 
greasing tubes in vapor of Nialk Tri- 
chlor and then spraying them with 
pure condensate of the same solvent 
highly efficient. 

The contaminated solvent from the 
degreaser is distilled and _ re-used. 
“Even after distilling it many times, 
Nialk still maintains a highly effective 
degreasing potential,” Jackson says. 

He is very satisfied with Hooker's 
technical service. “Whenever we have 
called for help, they have sent a repre- 
sentative promptly.” 

You can have the same benefits— 
regardless of the metals you’re work- 
ing with. 

Talk to your Hooker Chemical dis- 
tributor. Or write us. Our years of 
experience are yours for the asking. 


CHEMICALS 
PLASTICS 
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Material; H-11 Tool Stee! Material: E-4350-1 Alloy Stee! . Material: 4350 Stee Material: 9310 Steel Material: 9310 Steel 
Billet 1.400 dia. x .959 Ig. Billet: 1.285 Dia. x 6.42 Ig. Billet: 3.600 Dia. x 1.250 Ig. Billet 1.225 Dia. x 4.000 Ig. Billet 1.400 Dia. x 4.750 Ig. 


High-Energy Rate PRODUCTION ABILITY in one dynamic stroke! In this advanced, highly technical field, DYNAPAK high- 
energy rate metalworking equipment maintains consistent leadership through proven production ability. In support of this 
recognized position, illustrated above are forgings from BENDIX CORPORATION-UTICA DIVISION, where DYNAPAK is dem- 
onstrating its performance reliability in day-after-day production runs. DYNAPAK one-shot forging, extruding and metals 
compaction equipment increases savings, improves metal properties and reduces waste material. Closer tolerance con- 
trols, and the low micro finish of the “as forged” parts, are distinct advantages in DYNAPAK metalworking machines. 
Conventional or exotic materials, simple or complex shapes ... DYNAPAK has few limitations. DYNAPAK metalworking 
machines are capable of making a part — in one stroke — that can be put to use with little or no machining. Apply 


DYNAPAK to your metalworking operations — it's the only rea//y new proven concept in the industry. Gill WD 
Write for complete information to: Advanced Products Department, P.O. Box 6231, San Diego 6, Calif. 
GENERAL DYNAMICS | ADVANCED PRODUCTS DEPARTMENT 
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tion protection of F-48 at 2500° F. 
They were applied by: (a) electro- 
plating the alloy with silver; (b) 
enriching the surface with titanium 
by diffusion; and (c) incorporating 
silver in the 11% Si aluminum alloy. 
Of the three, the silver electroplate- 
aluminide coating combination was 


best; it protected F-48 tor 10 hr. at 
2500° F. Furthermore, the room- 
temperature ductility of this plate 
did not drop after oxidation. 
Detailed studies were carried out 
on silver plate-aluminide coatings. 
On oxidation at 2500° F., CbAl, 
appeared at the coating-metal inter- 
face, and the main constituent of 
the coating was established (by x- 
ray diffraction) as CbAl,. Although 


economy 


economy 


economy 


economy 


economy 


economy 


flexibility flexibility 


flexibility flexibility 


economy 


| | 
flexibility flexibility 
Wide Range Furnace has 300°F-2400'F temperature range 
Can the Flexibility and Economy of this all-in-one furnace 


help you solve your heat treating problems? 


Now you get two big cost saving advantages in batch heat treating . . . more 


flexibility and more economy. Both with the Wide Range Furnace. 


Before, you had to use several different furnaces if you wanted to heat treat 
over a broad temperature range. But now with the Sunbeam Wide Range Furnace, 
you can do all of your batch heat treating—annealing, box carburizing, normal- 
izing, preheating, stress relieving and tempering—using only one furnace. 


The Sunbeam Wide Range Furnace will pay for itself quickly—in fast production 
—less floor space and reduced labor. Let us give you full details on specifications 
and sizes. Write or phone Sunbeam Equipment Corporation, 194 Mercer Street, Meadville, Pennsylvania. 


See our exhibit at the Metal Show, Detroit, October 23-27, Booth 157 


For any heat process, see The Best Industrial Furnace Made 
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there was no evidence of a distinct 
silver-rich phase at the interface of 
the coating and metal in the as- 
applied or oxidized condition, con- 
centrations of silver and _ silicon 
existed in the coating near the CbAl, 
interfacial layer. The coating also 
had excellent oxidation resistance 
and was able to cover fairly sharp 
corners. 

During this research, the oxidation 
resistance of selected Cb-Al alloys 
was also surveyed. Increasing the 
aluminum content improved the oxi- 
dation resistance, but reduced duc- 
tility. Additions of Ti + Cr and 


Ti + Si decreased the aluminum 
content required for an equivalent 
oxidation resistance in alloys devoid 
of titanium, with a concomitant im- 
provement of ductility. 


Properties of the Refractory Metals 
Sprayed Under Controlled 
Environment 


by M. A. Levinstein 


In this paper, work performed on 
tungsten, molybdenum, tantalum, 
and columbium is covered. The 
equipment setup for spraying under 
controlled environment condition is 
described, and sample preparation 
and configuration are discussed. The 
results concern mechanical prop- 
erties up to 4500° F., microstruc- 
tures of the deposits, and effects of 
alloving additions. 


Some Observations on the 
Infiltration of Porous Structures of 
Molybdenum, Tungsten and Their 
Carbides with Copper in Vacuum 

and in Hydrogen 


by H. H. Hirsch 


For this study, pressed bodies of 
molybdenum, tungsten, MoC and 
WC were infiltrated with zone- 
refined and OFHC copper, the great- 
est emphasis being placed on W-Cu 
composites. Infiltrations were car- 
ried out in atmospheres of vacuum, 
hydrogen and combinations of the 
two. 

Thoroughness of infiltration was 
influenced by the atmosphere, heat 
treatment and supporting material. 
After obtaining total gas content of 
the infiltrated bodies, it was cor- 
related with the atmosphere, heat 
treatment and type of copper. A 
recommended procedure is given for 
good infiltrations with low gas 
contents. 
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EVERYTHING YOU NEED FOR 


QUENCH OIL COOLING 


---EITHER COMPONENT PARTS OR SELF-CONTAINED UNITS 


A B&G Self-Contained Oil Quenching System, 
factory-engineered and factory-assembled, avoids 
assembly errors, saves labor costs and can easily 
be moved if plant layout so demands. Your only 
responsibility, once the unit is delivered, is to place 
it in position and connect it to the quench tank 
and water lines. Or, if preferred, component parts 
can be furnished for assembly on the job. 

This system circulates oil from the quench tank, 
cools and strains it, and pumps it back at a rate 
which keeps oil at the right temperature through- 
out the quench period. Every batch is quenched 
under identical conditions, hence every batch 
emerges identical in quality. 

BOTH HEATS AND COOLS QUENCH OIL _ With a BaG Oil Quenching System, quenching 
This typical B&G self-contained unit, as installed in is automatically controlled and results are p redict- 
automotive plant, both heats and cools quench oil able. You cut losses resulting from excessive 
to definite temperature specifications. rejects and realize a substantial “inside profit.” 


BaG Quench Tanks 


Properly designed to induce Zz : - 
maximum turbulence in the =| 
quench oil, BeG Quench 
Tanks are available in stand- é 
7 


ard models or can be built to 
t fii hing 

NG, OIL QUENCHING 

Send for this combined Catalog = si : \ SY STE Be 


and Simplified Selection Manual : 
for B&G Self-Contained Quench BELL & GOSSETT COMPANY 
Oil Coolers. Dept. GV-16, Morton Grove, Illinois 


Canadian Licensee: §. A. Armstrong Ltd., 1400 O'Connor Drive, Toronto 16, Ont. 
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What is it? 

A specific quenchant velocity that 
is the result, not of guesswork, but of 
scientific research and experimenta- 
tion. We custom make turbulence so 
that you get the optimum qualities 
you desire in the quenched product. 
Heat is extracted with perfect uni- 
formity. Results are predictable and 
fixed. 

In the installation above, for ex- 
ample, our application engineers 
specified the two 50-hp LIGHTNIN 
Mixers and cooperated in the design 
of the 2000-gallon tank. Several 
fluid velocities were then put to the 
test. Careful calculations found the 
one that consistently produced the 
best product in the 500-gallon 
quench zone. 

Flexibility. Should this user require 
a change in quenching rate for other 


Custom-made t 


urbulence 


products, the 2-speed, 1800/1200- 
rpm motor will allow a reduction in 
velocity to 65%. Lower velocities of 

% and 33% can be obtained by 
running only one mixer. Adjustable- 
pitch propellers permit even closer 
control of the flow. 

Scientifically exact, custom-made 
turbulence such as this can bring out 
the best qualities in your quenched 
product, too. 

On any problem of quenching, in 
tanks of any size or shape, we are 
ready to consult with you on the 
mixer design and tank contouring 
that will best accomplish what you 
want to do. 

For information, write us or call 
your LIGHTNIN Mixer representative. 
You’ll find his name in Thomas’ 
Register and in the yellow pages of 
your telephone directory. 


“Lightain Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT CO.), Inc., 171-k Mt. Read Bivd., Rochester 3, N.Y. 


In Canada: Greey Mixing Equipment Ltd., 100 Miranda Avenue, Toronto 19, Ont. 


In Europe: Lightnin Mixers Ltd., Poynton, Cheshire, England 
Circle 1520 on Page 48-B 


206 


Abstracts . . . 


A Study of Brazing Alloy Systems 
for Joining Columbium-Base Alloys 


by W. R. Young and E. S. Jones 


To form columbium alloys into 
components, brazing is desirable as 
a joining technique. The present 
study, undertaken to identify prom- 
ising brazing systems, concerned two 
types of columbium alloys. One base 
alloy, with 1 Zr, was chosen as being 
representative of the low-strength, 
easily fabricable alloys, while F-48 
alloy (15 W, 5 Mo, 1 Zr) repre- 
sented the high strength, more-dif- 
ficult-to-fabricate alloys. 

Since the expected applications 
of these columbium alloys involved 
two temperature regimes (to 2500° 
F. for F-48 and 1800 to 2200° F. for 
1 Zr columbium alloy), brazing sys- 
tems were selected for each tempera- 
ture range. Several binary alloy sys- 
tems based on titanium, zirconium. 
vanadium, tantalum, and columbium 
exhibited appropriate melting tem- 
peratures. As a result of this study, 
the authors identified brazing alloy 
systems which showed promise for 
use in joining columbium alloys for 
service in the 2000 to 2500° F. 
range. Ternary alloys may have even 
more attractive possibilities. 


Theory of Work 
Hardening 


Monday, October 23 — 9:00 a.m. 


(No abstracts available) 


Effects of Surface 
and Environment 
on Strength — I 


Monday, October 23 — 9:00 a.m. 


Interaction of Surface and Strength 
Phenomena 


by E. S. Machlin 


The state of surface may affect 
flow and fracture strengths by (a) 
influencing the rate of escape of dis- 
locations through the surface, (b) 
influencing the motion of disloca- 
tions that intersect the surface, (c) 
affecting the energy of newly formed 
surfaces at crack spearheads, and 
(d) altering the elastic constants for 
a sufficient distance from the sur- 
face to affect dislocation generation. 
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FOUR-HIGH REVERSING MILL 
and VERTICAL EDGING MILL 


for SLABS and PLATES 


DESIGNED 
“AND BUILT 


Designers and Builders of Complete Steel Plants 


MESTA 


At Lukens Steel Company, the 140” Four-High 
Reversing Plate Mill and Vertical Edging Mill is an 
unusual installation. Although this mill is operating 
primarily as a slabbing mill to reduce ingots 

into slabs for rolling plates on other mills, it can complete 
the rolling of plates to finished sizes directly. 

The Vertical Edging Mill, largest ever used in tandem 
with a Plate Mill in this country, provides edge rolling 
of the ingot which remains in the horizontal position 
during the complete operation. This installation is 

the major unit which will increase the plate 

rolling capacity at Lukens by 40 per cent. 


MACHINE COMPANY, 


SBURGH, PENNSYLVANIA 
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AO Metallograph... 
a laboratory workhors 
for AMP Incorporated 


says J. W. Diener, AMP metallu 


rgist 


J. W. Diener, metallurgist for AMP Incorporated, Harrisburg, Pennsy]- 
vania, says, “Our lab is a busy place. We conduct a comprehensive and 
continuous research program and still handle routine work . . . lots of 
it... every day. Our AO Metallograph is an indispensable workhorse 


that really turns out the work. It’s depen 


dable and versatile. I can go 


from a research application to a routine examination with just a flick 


of my finger, going through the complete 


range from polarized light to 


bright field without moving from my chair. Photomicrography is a snap, 
too. We make over one thousand photomicrographs a year and our AO 


Metallograph makes it easy.” 


Mr. Diener’s lab serves 17 AMP plants that produce over 15,000 
different types of high-quality solderless electric wire terminals, splices, 


connectors and related wiring devices fo 


r industry and the military. 


Busy labs like this one really appreciate the wide-range efficiency of the 


AO Metallograph. 


It’s designed to let you perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a big screen 


directly in front of you ... camera is foc 
focus on the specimen through the eyepi 


used automatically while you 
eces. You take notes, change 


magnifications, orient specimens, make exposures . . . all with unbeliev- 


able speed, ease and precision. 


Write now for the complete AO Metallograph story. 


American ©) 


Optical 


COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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Examples of these effects are cited, 
the areas where insufficient precise 
experimentation exists are listed, and 
suggestions are made for future 
research. 


Recent British Thin Foil Experiments 
by John Silcox 


New techniques are discussed in 
this paper. For example, when dislo- 
cations move, contrasts left behind 
(they appear in films) can be in- 
terpreted in terms of images of dis- 
locations remaining at the surface of 
the thin foil. It is also possible to 
employ the slip trace contrast to 
study the rearrangement of disloca- 
tions during thinning. 


Stresses in Overgrown Films on 
Crystalline Substrates 


by N. Cabrera and 
J]. H. van der Merwe 


In this paper, the authors calcu- 
late the energies connected with an 
interface between a crystalline film 
and a crystalline substrate of a dif- 
ferent substance. Since, in these cal- 
culations, interfacial spacings are 
considered to differ in one direction 
only, the interfacial contact can be 
analyzed in terms of a row of edge 
dislocations with Burgers vectors in 
the interface. 


An Electromechanical Effect in 
Semiconductors 


by J. H. Westbrook and J. J. Gilman 


According to this work, the resist- 
ance of semiconducting crystals to 
indentation deformation is lowered 
significantly (up to 60%) by the 
simultaneous presence of a small po- 
tential (0.05 to 10 v.) between the 
indenter and the crystal surface. 
This electromechanical effect ap- 
pears to be confined to the plastic 
strain region of a surface layer of 
material, 2 to 3 microns deep. 

A large body of varied experi- 
ments have established that the ef- 
fect is real, similar effects having 
been observed in a number of dif- 
ferent semiconductors (germanium, 
silicon, InSb and SiC), but not in 
metals or ionic crystals. The effect, 
which disappears at elevated tem- 
peratures, but becomes enhanced 
below room temperature, is not sen- 
sitive to the type of current carrier. 

The role of surface preparation, 
crystallographic orientation, kind 
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KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


Tests for Determining 


The types of tests used to evaluate 
the mechanical properties of an 
alloy steel depend upon the end use 
of the steel involved. Mechanical 
properties are determined usually by 
tension, bend, and hardness tests, 
and by a group of special tests em- 
ployed on tubular and wire products. 

(1) Tension tests provide means of 
determining tensile strength, yield 
point, yield strength, proof stress, 
proportional limit, per cent elonga- 
tion, and per cent reduction of area. 
This sort of test subjects the steel to 
stresses resulting from the applica- 
tion of an axial tensile load to the 
specimen ends, the load being suffi- 
cient to rupture the specimen. 

(2) Bend tests often aid in deter- 
mining the ductility of steel. The 
severity of such a test depends 
largely upon the bending radius 
used. Several factors influence the 
length of radius, including thickness 
of the test specimen, width of test 
specimen, direction of test, chemical 
composition, tensile strength of 
specimen, etc. 

(3) Hardness tests determine the 
steel’s resistance to penetration. 
This characteristic is most com- 
monly measured by the Brinell Test 
or the Rockwell Test. In the former, 
pressure is applied to the surface of 
a test specimen by means of a ball 
10 mm in diameter. Two diameters 
of the resulting impression are 
measured and averaged; the average 
is converted to the hardness number 
by means of a conversion table. In 
the Rockwell Test, the degree of 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


hardness is read on a gage; hardness 
is measured by the penetration of a 
diamond point or a %-in. steel 
ball. Rockwell ‘‘C’’ scale readings 
are used in connection with the 
diamond point; ‘‘B”’ scale in con- 
nection with the steel ball. The ‘‘C”’ 
and “B” are the most commonly 
used of the several Rockwell scales. 

(4) Special additional tests are 
often made on tubular and wire 
products. These include such items 
as hydrostatic and manipulating 
tests, and torsion and wrapping 
tests, the latter two being used only 
with wire. 

The subject of testing and its 
relationships to the end uses of 
alloy steels has been given broad 
study by Bethlehem metallurgists. 
If you desire, they will be glad to 
discuss any phase of it with you, 
and also give unbiased opinions on 
such matters as analysis, proper 
selection of steels, machinability, 
etc. Call for their services at any 
time. 

And when you need alloy steels, 
remember that Bethlehem furnishes 
the entire range of AISI standard 
analyses, as well as special-analysis 
steels and all carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘“‘Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Mechanical Properties of Alloy Steels 


juality steels 


silicon 


Its behavior in quality steels 


Silicon is one of the most common alloying and process elements used 
in steel. There are three properties of Si utilized in steel production. 


(1) Silicon is a moderately powerful deoxidizer. 

(2) In quenched and tempered, or pearlitic steels, it increases strength. 

(3) In low carbon steels, it increases electrical resistivity and is an aid 
to formation of large, well-crystallized ferrite grains. 


The increased strength of steels containing high silicon has made the 
9200 series a popular choice for spring steels. However, much of this 
tonnage is being replaced by the high-chromium 5100 series. 


The modern electrical industry would not be possible without elec- 
trical sheet and strip steels. Silicon contents up to 5% are used in this 
application. When annealed, high permeability is obtained. 


Electromanganese Lowers Silicon Content to Improve Ductility 
However, one drawback to use of silicon as an alloy of steel is its 
adverse effect upon ductility. In sheets or bars where extreme ductility 
and good physical properties are needed, aluminum is commonly used 
as the deoxidizing agent. 


One of the benefits obtained from the use of electrolytic manganese is 
extremely low silicon content. With the ever-increasing demand for 
better ductility in sheet steels, more and more producers are using 
electrolytic manganese in sheet applications. 


Electromanganese Removes Five Trouble Makers 

from Electrical-grade Steels 

Electrolytic manganese is also used in electrical sheet steels. Here, of 
course, low silicon is not the desired benefit. However, electrolytic 
manganese contains only traces of carbon, sulfur, oxygen and nitro- 
gen, all of which are detrimental to electrical properties. When the 
Hydrogen-Removed grade is used, another potential source of trouble 
is eliminated. Another benefit of the pure manganese addition is that 
the formation of large ferrite grains will not be hindered by dispersions 
of fine non-metallic inclusions. 


For more details on Foote Electromanganese®, write for Bulletin 201, 
Foote Mineral Company, 424 Eighteen West Chelten Ave., Phila. 44, Pa. 


FOOT 


MINERAL COMPANY 


Circle 1524 on Page 48-8 


Abstracts . . 


and concentration of charge carrier, 
geometry, and time have also been 
examined. All of this work is exten- 
sively documented and discussed, 
but no satisfactory model or mecha- 
nism has yet been conceived. 


Influence of Thermal-Mechanical 
History on the Embrittlement of 
Aluminum Alloys by Mercury 


by H. Nichols and W. Rostoker 


Liquid mercury embrittles all 
aluminum alloys to some degree; 
certain high-strength alloys are so 
embrittled that failure occurs at less 
than 20% of the yield stress. Intrinsic 
strength of the alloy itself is not the 
dominant factor. Furthermore, pure 
aluminum, even though it may be 
restrained from yielding to very high 
stress levels as in Alclad, is not meas- 
urably embrittled. As for details, 
2024 alloy in the overaged state does 
not become more embrittled, even 
though cold rolled 95% to strength 
levels as high as those of the age- 
hardened condition. The most se- 
verely embrittled state is the fully 
aged condition with the superposi- 
tion of a small amount of cold work. 
With much cold work there is some 
recovery of strength. 


High-Purity Iron 
and Its Dilute 
Solid Solutions — I 


Monday, October 23 — 9:00 a.m. 


(No abstracts available) 


Processing of 
Refractory Metals — Hl 


Monday, October 23 — 2:00 p.m. 


Processing and Properties of Arc- 
Cast Tungsten Sheet 


by C. P. Mueller and 
W. J. Schoenfeld 


In producing high quality arc-cast 
tungsten sheet in large sizes and thin 
gages, processing problems have 
been judged, and a realistic ap- 
proach has been taken in manufac- 
turing the desired product. Recrys- 
tallization and mechanical property 
data have been obtained for various 
sheet thicknesses, and present size 
limitations (as well as possible solu- 
tions for them) have been evaluated. 
A method for producing 36 by 96 in. 
sheet is presented. 
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Arc Melting and Hot Workability of 
Tungsten Alloys 


by R. G. Carlson 


This report concerns studies on 
the hot workability of tungsten alloys 
containing titanium, zirconium, sili- 
con, aluminum, tantalum, carbon 
and boron. The author found that 
the hardness of tungsten was not 
greatly affected by any alloying ad- 
dition except zirconium — 0.5 at. % 
Zr reduced the as-cast hardness (for 
unalloyed tungsten, Rockwell A-64) 
to Rockwell A-58.4. Furthermore, in 
decreasing order in the ranges in- 
vestigated, boron, carbon, silicon, 
and zirconium promoted grain re- 
finement in the ingots, and the solu- 
bility of boron in tungsten was be- 
tween 5 to 10 ppm. The hot work- 
ability of tungsten could be increased 
by adding carbon and boron, partic- 
ularly the latter. In fact, the recrys- 
tallization temperature of the rolled 
material was increased 150°C. 
(270° F.) by the addition of 0.5 
at. % (0.029 wt. %) B. Carbon ad- 
ditions, however, did not greatly 
increase the recrystallization temper- 
ature of 1250° C. (2280° F.) at the 
50% recrystallization level for un- 
doped tungsten sheet. 


Evaluation of Variables Related to 
the Production of Arc-Cast 
Molybdenum Alloy Sheet 


by W. A. McNeish 


This report concerns a compre- 
hensive study which was conducted 
to determine the effects of consoli- 
dation practice and primary fabri- 
cation on the quality of sheet bar 
and subsequent sheet product. Re- 
search covered the effects of varia- 
tions in ingot diameter, single versus 
double melting, direct forging (in 
an argon atmosphere), direct extru- 
sion, and combinations of these oper- 
ations. Sheet properties obtained for 
Mo+0.5%Ti and Mo+0.5%Ti+ 
0.1%Zr are fully analyzed. 


Processing and Properties of 
Molybdenum Mill Products 
Produced from Massive Isostatically 
Pressed and Sintered Billets 


by L. L. France and F. P. Giannakos 


Beginning with a brief description 
of isostatic pressing and sintering 
techniques used to form molybde- 
num powder into the starting billet, 
this report discusses resultant billet 
properties and inspection techniques. 
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Processing procedures are described 
for the production of sheet of various 
gages. Also given are the as-rolled 
and stress-relieved tensile and bend 
properties, and a comparison _be- 
tween sheet and bar produced by 
powder metallurgy techniques and 
arc-cast techniques. 


Effect of Microstructure on the 
Workability and Properties of 
Vacuum Hot Pressed Columbium 
Alloy 


by T. L. Robertshaw, R. G. Frank 
and I. Perlmutter 


Prealloyed powder of F-48 com- 
position was vacuum hot pressed 
under various processing cycles. Al- 
though finer powders, higher tem- 
peratures, and longer times yielded 
dense billets of fine grain size, micro- 
structural changes occurring during 
compaction inhibited ductility. Del- 
eterious grain-boundary precipitates, 
formed at the higher temperatures 
and longer times, could be traced 
to interstitial content of powder 
charges. Rollability, and hence duc- 
tility, was enhanced by compaction 
of pure powders above a threshold 
density and below 3700° F. This re- 
port also compares mechanical prop- 
erties with those obtained from two 
other consolidation techniques. 


Techniques for the Preparation of 
High-Purity Refractory Metals 


by E. Fenn, M. Badiali, and 
R. Bakish 


This paper describes the prepara- 
tion of high-purity molybdenum, 
tungsten and tantalum by distilla- 
tion, sublimation and zone refining 
of the halides prior to hydrogen re- 
duction. Also discussed are equip- 
ment used, processing variables, and 
experimental results. Finally, the 
authors attempt a correlation be- 
tween analytical data and processing 
variables. 


Strength of Sintered Nickel-Tungsten 


by J. H. Brophy, H. W. Hayden and 
J. Wulff 


For this report, transverse rupture 
strengths of sintered compacts of 
tungsten containing small amounts 
of nickel have been correlated with 
the mode of powder preparation, 
density, and nickel content. Sinter- 
ing times ranged from 1 to 16 hr. at 
1000 and 1100C. (1830 and 
2000° F.) As for results, in speci- 
mens containing 0.25% Ni, strength 
increased with density during the 


New Westinghouse 
SA-200 Welding System 


Here are some of the advantages 
of the new Westinghouse SA-200 
system: 

22 OZ. TORCH has an exclusive 360° 
rotating nozzle that permits the opera- 
tor to keep the switch in the most com- 
fortable position for any welding job. 
The torch is air cooled, has a 15-foot 
cable, handles both mild, stainless steel 
and aluminum wire. It can be used 
with COg, argon or argon gas mixtures. 
PRECISE WIRE SPEED CONTROL 
obtained from a vernier type potentio- 
meter gives you exact wire speed re- 
quired—as high as 1170 ipm. Both 
drive rolls are powered to provide 
positive wire feed. 


HIGH EFFICIENCY 200 AMP RCV 
WELDER provides lower power con- 
sumption than is possible with any 
comparable system. Controlled output 
characteristics of this welder, combined 
with precision wire speed control and 
a highly maneuverable torch, provides 
the ultimate in welding gauge size 
materials. 

THE WESTINGHOUSE SA-200 
SYSTEM will enable you to have ail 
of the advantages of semi-automatic 
welding and yet retain the versatility of 
stick electrode welding. All this with as 
much a savings as 50% in your welding 
cost. Designed for production welding, 
there is a continuous feed from a 25 lb. 
spool of wire, no slag removal, no stub 
loss, and with the highest deposition 
efficiency. 

READY TO ADVANCE? Call your 
Westinghouse distributor for a demon- 
stration, or write Westinghouse Electric 
Corp., Westing-Arc Dept., P.O. Box 
2025, Buffalo 5, New York. 

You can be sure . . . if it’s Westinghouse. 


J-10485 
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22 0z. welding torch— 


business end of a new system that can clobber your welding costs 


This new straight-through torch 
is the lightest, coolest and most 
maneuverable you can buy... 
yet it can handle wire at speeds 
up to 1170 ipm. 

It’s part of a new Westinghouse 
system for thin gauge welding 


that combines the speed and 
economy of semi-automatic weld- 
ing with the maneuverability of 
stick welding. 

To back up the torch there’s a 
new wire drive system with a ver- 
nier adjustment that permits ex- 


act feed control heretofore im- 
possible. The power source for 
the package is the proven West- 
ing-Arc RCV silicon welder with 
built-in Dynamic Reactor. 

For more information see the 
opposite page... 


Westinghouse 
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initial stage of the sintering process. 
In the final stage, however, strength 
dropped with the onset of grain 
growth. Strength rose with increas- 
ing nickel contents up to 4%, pre- 
sumably because grain growth was 
restricted. The maximum strength 
observed was 73,000 psi. (in three 
point loading), a figure comparable 
to that obtained with massive tung- 
sten recrystallization in the presence 
of nickel and tested in the same 
way. The results were sensitive to 
the mode of powder treatment, and 
ductility was negligible in all 
instances. 


Effects of Surface 
and Environment 
on Strength — Il 


Monday, October 23 — 2:00 p.m. 


Interaction of Surfaces and 
Dislocations 


by A. K. Head 


This report concerns a theoretical 
analysis of the manner in which the 
surface of a solid influences the 
properties of dislocations. In _par- 


Always Top Quality Performance 


in 


FURNACES 


& OVENS 


Producers and fabricators of alu- 
minum and other light metals know 
from operating experience the value 
of Rockwell engineering in terms of 
heating and product quality to meet 
specifications exactly. 

The long list of Rockwell's suc- 
cessful installations includes not 
only equipment for light metal melt- 
ing and heat treating, but also for 
cleaning, washing, and for drying 
of finishes. Get Bulletin 128. 


for Aluminum 


Ingots * Billets * Slabs * Cakes 
Bars * Rod * Plate + Sheet 
Strip * Foil* Wire * Tubes 
Extrusions * Forgings 
Stampings * Castings 


HOMOGENIZING 


. S. ROCKWELL COMPANY 


Bh Industrial Furnaces, Ovens, Air Heaters, Valves 


ELIOT STREET + FAIRFIELD, CONN. 
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ticular, it considers the effect of a 
surface film in impeding the escape 
of dislocations from the solid, and 
the dependence of this blocking 
effect on the properties of the sur- 
face film. For example, the proper- 
ties of a dislocation in a thin film 
will differ significantly from those 
of a dislocation in a bulk solid. Also, 
such a dislocation may cause the 
thin film to bend or buckle. Along 
with estimating the magnitude of 
these deformations, the author dis- 
cusses the possibilities for observing 
them. 


Variation of the “Barrett Anomalous 
After-Effect” with Torsion 


by D. B. Holt 


In this study of the variation of 
the magnitude of the transient in 
the “Barrett abnormal after-effect” 
with torsional strain, the results pro- 
vided evidence that the transient 
takes but a short.time in a small 
twist region; in a large twist region it 
takes much longer. The effect of the 
anodizing time on the structure and 
properties of the film was also 
studied; all results are discussed in 
terms of dislocation theory. 


Effect of Surface on the Mechanical 
Deformation of Metal Single Crystals 


by I. R. Kramer 


For this research, single crystals 
of aluminum and gold were pulled 
in tension while the surface layers 
were removed continuously by an 
electrolytic polishing bath. The re- 
sults indicated that “debris” formed 
in regions near the surface of the 
crystal during deformation to im- 
pede the passage of dislocations. 

Polycrystalline specimens of alum- 
inum were also pulled in tension 
while the surface layers were re- 
moved. They behaved much like 
single crystals in that the slope of 
the stress-strain curve dropped 
throughout plastic deformation as 
the rate of metal removal increased. 

The author also studied the ten- 
sile behavior of single crystals of 
aluminum and copper in nonpolar 


solvents containing surface-active - 


agents. Results led to the belief that 
the changes in the deformation char- 
acteristics were associated with the 
formation of metal soaps and the 
rate of solution of the soaps in the 
solvent. Though the creep behavior 
of gold single crystals in paraffin oil 
was not affected by the addition of 
oleic acid or octanoic acid, it was 
increased markedly when the sur- 
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Computer Analyses Now 
Make Tenzaloy Better Than Ever 


Asarco has introduced another significant advance in 
aluminum casting alloy technology — computer correlation of 
composition and properties of its widely used 

high-strength, self-aging Tenzaloy. Results: Further 
refinement in quality and reliable performance of 

this superior alloy. 

Data for the pioneering computer analyses were drawn from 
a long record of properties and composition of Tenzaloy 
plant heats compiled by Asarco’s Central Research 
Laboratories. From these studies has come new knowledge of 
the interaction of Tenzaloy elements and effects of 
alloying ingredients on mechanical properties. 

Computer findings now enable Asarco metallurgists to 
control Tenzaloy mechanical properties to a much narrower range 
of variation and to higher average values than ever before — 
and to reproduce them precisely and consistently over and over. 
There is only one Tenzaloy and it cannot be duplicated. 


TYPICAL PROPERTIES OF TENZALOY 


SAND PERMANENT MOLD 

CASTINGS CASTINGS 

Tensile Strength 35,000 psi 40,000 psi 

Yield Strength 25,000 psi 27,000 psi 

Elongation (in 2”) 4-5% 6-7 % 

Brinell Hardness No. 74 74 
Impact Strength (Charpy in ft./Ibs.) : 

Notched 3 3 

Un-notched 14 20 

Electrical Conductivity 30% 30% 


Tenzaloy can widen design horizons, increase production 
efficiency, reduce costs and improve your products. 
—~ For your copy of Bulletin 103R5, ‘“‘Tenzaloy, the 
ASARCO Self-Aging Aluminum Casting Alloy,” write today to: 
J Federated Metals Division, American Smelting and Refining 


Company, 120 Broadway, New York 5, N. Y. 


Burroughs B205 computer correlates unique composition 


and properties of Asarco’s high-strength Tenzaloy. - 
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face layers were removed continu- since the surface influences the rate 
ously by an electrolytic polishing at which inner dislocations flow out 
bath. of the material, any transformation 


of the surface layer should influence 
the mechanical properties of the 
Role of the Surface on the Strength, — metals in two ways; by influencing 


Ductility and Embrittlement of the nucleation of slip in the surface 
Metals and by the barrier action of the sur- 
face layer to the outflow of dis- 
by A. Berghezan locations generated inside the 

crystal. 
Previous work has shown that the On the basis of the above observa- 
nucleation of dislocations in the sur- tions, the mechanical properties have 
face plays an important part in the been measured on some pure re- 


deformation process. Furthermore, active and refractory metals pos- 


Model 1259 “’Micro-wire’’ welder 


SQUEEZE THE TRIGGER ON THE GUN... 
WELDING WIRE FEEDS AUTOMATICALLY 


That’s Hobart’s new MICRO-WIRE welder package. Think what this means in cutting 
costs! No time loss changing electrodes—no stub end loss—no clean up of welds necessary. 
Joins sheet metal and heavier sections, using small diameter wire and inexpensive carbon 
dioxide (CO2) or argon and CO2 mixtures. Actual production economies will amaze you. 
This new MICRO-WIRE package is an extremely versatile unit for all position welding and 
can be used by inexperienced as well as experienced operators. For complete details, write 
for bulletin DM-159. 


—_ HOBART BROTHERS CoO., Box MM-I0!, Troy, Ohio 
®: Ph. FE 2-1223 Menufacturers of the world’s most complete line of arc welding equipment. 
Ad 
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sessing either a clean surface or one 
contaminated to different degrees 
by introducing interstitial oxygen to 
different depths into the surface. 
According to results, this oxygen 
embrittled the material by building 
up a hard, brittle layer on the sur- 
face. This effect is being studied 
with titanium, columbium, and tung- 
sten, and other interstitial elements, 
particularly carbon and nitrogen, are 
also receiving attention. 


High-Purity Iron 
and Its Dilute 
Solutions — II 


Monday, October 23 — 2:00 p.m. 


(No abstracts available) 


Titanium in 1975 


Tuesday, October 24 — 9:00 a.m. 


(No abstracts available) 


Continuous Casting 


Tuesday, October 24 — 9:00 a.m. 


(No abstracts available) 


Effects of Surface 
and Environment 
on Strength — Il 


Tuesday, October 24 — 9:00 a.m. 


Some Effects of Adsorbed Polar 
Molecules on the Etching and 
Yielding Behavior of LiF Crystals 


by A. R. C. Westwood 


Aqueous solutions of long-chain 
fatty and perfluoro-acids will etch 
LiF crystals to reveal points of dis- 
location emergence and other surface 
features of interest. These etchants 
are being used to study the cross- 
gliding of screw dislocatons at the 
surfaces of crystals in inert and 
surface-active environments. 

On the basis of observations, the 
author suggests that chemisorbed 
polar molecules restrict and control 
the motion of cross-gliding screw 
dislocations. Compression and bend- 
ing experiments revealed that ad- 
sorbed polar molecules increase in 
yield and shear stresses before 
inducing the lower rate of work 
hardening known as the “Rebind- 
er” effect. The author also presents 
possible explanations for the etching 
and mechanical behavior. 
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304 Stainless Steel 
Weaving Wire .0625” dia. a 


lron-Nickel-Cobalt Alloy 
Wire (Kovar®) .020” dia. 


017” dia. 


Mone! Wire 
.022” dia. 


7 Monel Wire 
dia. 


305 Stainless Steel 
Lock Wire .047” dia. . 


How would you anneal these 5 types of alloy wire? 


The various types of alloy wire in this photograph are manufactured for spe- 
cialized applications by the Riverside-Alloy Metal Division, H. K. Porter 
Company, Inc. They range from stainless steel, for aircraft industry use, to 
monel metal and an iron-nickel-cobalt alloy with thermal expansion character- 
istics suitable for sealing to hard glasses. Annealing temperatures range from 
1450 to 2150 F, close control being necessary to maintain wire quality, meas- 
ured by elongation, grain structure and tensile strengii. The wire is annealed 
continuously—normally in a disassociated ammonia atmosphere. 
Experience has proved that electric furnaces equipped with GLOBAR® silicon ¢ 


GLOBAR 


carbide heating elements offer the cleanliness and capability for precise temper- silicon carbide 
ature control needed in this operation. The GLOBAR elements easily provide the heating elements 
maximum 2150 F heat—in fact, can be used with safety to above 2750 F. ’ en 

One of the furnaces used, with 13/2” thick walls of refractory insulating brick, * Shipped from stock or within two 


has required no maintenance of the lining over a 10-year period — pointing 


up the mild conditions to which insulating brick are subjected with this type po ane Pe na te 
of heat. With the low heat capacity of the insulating brick, it is possible to depedacs of Chnsoutans, 
drop temperatures rapidly in going from the high to low end of the range. 
The many advantages of heating with GLOBAR elements, as illustrated in 
this particular case, often more than cancel out possible differentials in Bru 


Easily replaced from outside 
without waiting for furnace to 


costs between electricity and other fuels. Why not investigate with your “On line” Gen 8 
furnace builder —or write to Refractories Division, Globar Plant, Dept. M-101, 
applications—no transformer 
Niagara Falls, N. Y. necessary. 


Elements 4” to 105” in length. 


For latest advances in silicon ° For greater economy in heat 
carbide heating elements... count on treating, brazing, forging, melt- 


ing and sintering. 
CARBORUNDUM*® 
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Effect of Surface Condition on the 
Mechanical Properties of 
Polycrystalline Ionic Solids 


by R. J. Stokes 


Ionic solids of the rock salt struc- 
ture belong to the semibrittle class 
of solids — they can deform plasti- 
cally, but are completely brittle if 
small defects are present. To illus- 


trate this point, the strength and 
ductility of single and polycrystalline 
magnesium oxide are compared for 
three different surface conditions. 
When the surface is “perfect” 
(chemically polished and handled 
so carefully that only the strongly 
locked grown-in dislocations _ re- 
main), both single crystals and_bi- 
crystals are extremely strong, over 
100,000 psi. Fracture occurs when 
microcracks suddenly generate at 
the onset of plastic deformation (in 
single crystals at slip band inter- 


Arrows indicate four of the six opera- 
tions powered simultaneously by a 
Miller Six-Pak. 


YoU GET MORE 


With A miller 


And more and more engineers know it. Miller's latest development for the in- 


dustry is the above Six-Pak comprised of six Gold Star SRH-444 rectifier type d-c 


welders. Featuring the exclusive Miller rectifier, these weld stations will prob- 


ably revolutionize parts of the building industry as their speed, versatility, and 


economy open new possibilities never feasible with motor generator set-ups. 


Frame is built to construction trade standards and there's a choice of 200, 300 


or 400 ampere welders in either the Six-Pak as shown or the Three-Pak. 


A full and detailed description will be sent upon request. Also available free 
is a new pamphlet ‘‘Rectifiers For Welding." 


| MANUFACTURING COMPANY, APPLETON, 
Distributed in Canada by Canadian Liquid Air Co., Ltd., Montreal 

Circle 1531 on Page 48-B 


218 


sections; in bi-crystals at the grain 
boundary). Next, if the surfaces of 
single crystals contain fresh disloca- 
tions only, they are relatively weak 
(around 10,000 psi.) and ductile. 
Ductility depends upon the densit 

of slip since the size of a acts | 
formed at a slip band intersection is 
dictated by slip band spacing. 
Finally, when surfaces contain both 
fresh dislocations and microcracks, 
single and polycrystalline specimens 
are weak and brittle due to the 
propagation of surface defects. 


Effect of Controlled Surface 
Contamination on the Ductility of 
Ionic Crystals 


by G. T. Murray 


One of the major sources of at- 
mospheric embrittlement in rock 
salt is the formation of a NaClO, 
surface layer during exposure to air, 
oxygen, or ozone. This work was 
initiated to determine whether MgO 
crystals also embrittled in the same 
manner. 

Chemically polished MgO crystals 
were exposed to varying pressures 
of air, O2, No, argon, CO., and mois- 
ture at temperatures ranging from 25 
to 250° C. (75 to 480° F.) for pe- 
riods up to several days. Subsequent 
bend tests, conducted over a wide 
temperature range, failed to show 
embrittlement in the MgO crystals 
even when clearly visible deposits 
were present. However, in one in- 
stance, a crystal which had become 
coated (with polycrystalline MgO) 
embrittled. 

Experiments are in progress on 
the effect of exposures to gases at 
elevated temperatures, the influence 
of gases on samples containing sur- 
face flaws, and on the mechanism of 
residue (redeposited MgO) em- 


brittlement. 


Effect of Environment on 
High-Temperature Strength of 
Metals 


by M. R. Achter 


At elevated temperatures, the 
strength of metals in vacuum or 
inert gases may be either higher or 
lower than that measured in a re- 
active gas. According to the mech- 
anism suggested for this reversal of 
the atmosphere effect, adsorption of 
gas facilitates crack propagation 
while oxidation and similar reactions 
harden and strengthen a metal, the 
controlling process being determined 
by temperature and stress. This re- 
port concerns current studies which 
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—AND A HOST OF OTHER POWDERED METAL PRODUCTS ARE 
CONTINUOUSLY PROCESSED IN CUSTOM ENGINEERED 


DREVER SINTERING FURNACES 


Sintering, the all important final step in producing metal products from compacted 
powder requires critical control of temperature and atmosphere if superior finish 
and dimensional stability are to be achieved. Drever Conveyor Belt Sintering Fur- 
naces provide such control in continuous operation accommodating both ferrous 
and non-ferrous products. A separate burn-off chamber drives off the volatile lubri- 
cants and binders used in compacting thus avoiding the checking and cracking from 
rapid heating and at the same time maintaining atmospheric purity in the sintering 
chamber. 


Drever Conveyor Belt Sintering Furnaces, custom engineered to suit the individual 


producer, are handling an ever widening range of sintered products in plants across 
the country. 


Products like those shown here and 
many other ferrous and non-ferrous com- 
pacts are being sintered at rates up to 
200# per hour in this Drever Furnace 
at the plant of Sintered Metals, Inc., 
Boston, Mass. 


DREVER ENGINEERING FOR YOU 


If you are interested in sintering, continuous or batch—or if you have other furnace 
processes in mind, consult with Drever engineers. They will apply a wide knowledge 
of the latest developments backed by long furnace engineering experience. Write 
or phone us. Drever Company, Bethayres, Pa. Phone: Wilson 7-3400. 


INDUSTRIAL FURNACES 


ENGINEERED TO YOUR PARTICULAR REQUIREMENTS 


Circle 1532 on Page 48-8 ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES 
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The operating efficiency of the vacuum furnaces you buy depends on how 
well the vacuum system is integrated with the heating function. With 
Stokes resistance and induction furnaces, you get a thoroughly integrated 
system that gives you top performance in both areas. 


By combining more than forty years of experience in equipment manu- 
facturing with the latest vacuum and heating techniques, Stokes has 
created a line of furnaces that delivers the ultimate in balanced perform- 
ance to meet today’s highest standards of product quality and uniformity. 


These furnaces handle products ranging from precision castings to nuclear 
materials and fabricated assemblies. Stokes standard furnace equipment 
is available for melting, sintering, brazing, degassing and heat treating. 
Melting furnaces are offered in sizes from five to five thousand pounds 
capacity for either batch or semicontinuous operation. Resistance furnaces 
cover all temperature ranges up to 2500°C. 


Let Stokes extensive vacuum metallurgical experience and facilities work 
for you. Stokes Engineering Advisory Service can help in selecting the 
most efficient vacuum system for your requirements...from single 
units for research and development to complete turnkey installations. 
Get the vacuum help you need by writing or calling today. Vacuum 
Metallurgical Division, F. J. Stokes Corporation, 5500 Tabor Road, 
Philadelphia 20, Pa. In England: Vacuum Industrial Applications (VIA), 
Wishaw, Scotland. On the Continent: Societe Generale d’Applications 
Electro-Thermique, Boulgne (Paris), France. 


in resistance and induction vacuum furnaces 


With a rated capacity of 4,000 pounds, this special- The Astronautics Division of General Dynamics 
urpose induction vacuum furnace ranks as one of the Corporation puts the world’s largest cold-wall vacuum 

et ever built. Designed and built for the Sierra furnace into production. Furnished by Stokes as a 

Metals Corporation, the furnace is currently pro- complete turnkey installation, the facility is currently 

ducing nickel- and cobalt-base jet engine alloys. The being used in production brazing and heat treating 

vacuum pumping system is capable of developing of large, stainless steel assemblies. 

unusually high volumetric capacity at extremely low 

pressures in the range of one micron. 


STOKES INTERNATIONAL: PHILADELPHIA « TORONTO « LONDON 
SEE US AT THE METALS SHOW ® Booth 268 © Cobo Hall ® Detroit, Mich. 
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EVE 


THE BIG ONES ARE FACTORY 


ASSEMBLED AND THOROUGHLY | 
TESTED AT GAS ATMOSPHERES 


TORS PACKAGED GAS GENERATORS PACKAGED GAS 


PACKAGED 


The pair of 10,000 cfh high-purity nitrogen gen- 
erators pictured below is undergoing complete 
factory testing prior to shipment to the customer. 
This is standard practice at Gas Atmospheres. 


GENERATORS MUST EXCEED SPECIFICATIONS 
in production, gas purity, and dryness. This 
rigorous testing assures buyers of quick and 
easy start-up without job-site disorder, and it 
cuts servicing and maintenance to the bone. 


GAS ATMOSPHERES ORIGINATED PACKAGED 
GAS GENERATION SYSTEMS by increasing the 
productivity of various components, consolidat- 
ing operations, and designing the unit into as 
compact an area as possible. This means smaller 
generators today produce greater volume, and 
the entire unit can be factory assembled on a 
common base and shipped and installed as a 
complete unit. 


Two compact 10,000 cfh high-purity packaged nitrogen gen- 
erators on test floor at Gas Atmospheres Assembly Plant. 


IF YOU USE GAS, EVEN IN SMALL AMOUNTS, 
it might pay you to produce your own with a 
modern gas generation system. It costs nothing to 
have your operation checked out by America’s fore- 
most designer and builder of packaged gas gener- 
ation systems. Just call or write Gas Atmospheres, 
Inc., 3855 West 150th Street, Cleveland 11, Ohio. 


equipment for producing industrial gases 
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were designed to investigate the 
operation of these processes. 

As to results, nickel is inert to- 
ward nitrogen, yet it is appreciably 
weaker in this gas than in vacuum, 
this reduction being related to an 
increase in number of intergranular 
cracks when the material is tested 
in the gas. Changes in purity of 
both the metal and the gas affect the 
results, and are indicative of the 
mechanism of the process. At suf- 
ficiently high temperatures, load- 
bearing oxide layers form in grain 
boundary cracks; this may be an 
important source of “oxidation 
strengthening”. 


Effects of Elastic Strain and 
Environment on the Surface Free 
Energy of Solid Copper 


by S. Floreen, D. V. Ragone 
and E. E. Hucke 


A relationship has been developed 
to show that the average surface free 
energy and grain-boundary free 
energy change with uniaxial elastic 
strain. In the work reported here, 
the slopes of stress-strain curves in 
the elastic region have been meas- 
ured for copper specimens of differ- 
ent sizes and grain diameters in 
various environments. 


Physical Metallurgy 
of Refractory 
Metals — I 


Tuesday, October 24 — 9:00 a.m. 


Dislocation Substructure in Tanta- 
lum and Tungsten 


by S. Weissmann and Y. Nakayama 


In observing the development of 
a dislocation substructure in tanta- 
lum and tungsten by transmission 
electron microscopy, the authors 
noted that progressive deformation 
led to the formation of a cell struc- 
ture, and, subsequently, a substruc- 
ture. First, the cell structure was 
formed by dislocation entanglements 
(in which cross-slip played an im- 
‘name role). Then, entangled dis- 
ocations constituting the cell wall 
interacted with entangled disloca- 
tions located within the cell to form 
the substructure. Annealing com- 
mercial tungsten above 2500°C. 
(4530° F.) and subsequent quench- 
ing caused the impurities (in atomic 
form) to segregate on grain bound- 
aries and dislocation networks. 
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RED PROBLEM-SOLVER 


There are three basic reasons why this brand 
has been stamped on so many successful 
projects recently. 

REASON NO. 1— Platinum Metals have a 
superior combination of properties . . . re- 
sistance to high temperatures, exceptional 
corrosion resistance, catalytic action. 


REASON NO. 2— Platinum Metals perform 
and continue to serve—often where no other 
materials can endure. 


REASON NO. 3—Platinum Metals are 
cheaper than you think, because of their high 
recovery rate. 


We make Platinum Metals in all shapes 
and forms . . . sheet, strip, foil, wire, tubing, 
gauze, salts and chemicals. And we operate 
complete catalyst and scrap recovery units. 


Clads and composites also available in many 
forms. 


Bulletin No. P-6 tells our story. Write 
for it. 


J.BISHOP CO. platinum works / MALVERN, PENNSYLVANIA 


A JOHNSON MATTHEY ASSOCIATE “METALS FOR PRECISION AND PERFORMANCE” 


OFFICES: NEW YORK °@ PITTSBURGH *© CHICAGO * ATLANTA * HOUSTON * LOS ANGELES 
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Substructure and Mechanical Prop- 
erties of Refractory Metals 


By Steven Allen, E. M. Passmore and 
B. S. Lement 


The authors are studying the ef- 
fect of variations in substructure of 


tungsten, tantalum, molybdenum, 
and columbium on mechanical prop- 
erties such as the ductile-brittle 
transition temperature. The  sub- 
structure is being measured quanti- 
tatively by light and electron metal- 
lography and by measuring the 
broadening of x-ray diffraction lines. 
Through use of the Warren-Aver- 
bach technique, the latter are being 
analyzed for strain and particle size 
contribution to line broadening. 


Aluminum moter housing BEFORE 
Vibratory Finishing 


In some cases, the Pangborn Vibra- 
tory Finishing Machine has reduced 
finishing time by over 90%. You 
know what this means in time and 
labor savings alone. Especially since 
this machine tackles complex finish- 
ing assignments with the same ease 
and speed as simple ones. 

Its uses are amazing, too. It de- 
scales, deburrs, burnishes, radiuses, 
fine-finishes. It handles a wide vari- 
ety of materials . . . metals, plastics 
and ceramics. And this machine 
tackles complex and difficult jobs 
impossible or impractical to do by 
other methods . . . and does them 
quickly and economically. 

The exclusive air-cushioning sys- 
tem built into every Pangborn Vi- 
bratory Finishing Machine provides 
better and closer amplitude control 
and offers automatic adjustment for 


Amazing, how inexpensive complex finishing can be! 


any weight load. Air-cushioned floor 
mounts eliminate any transmitted 
vibration. No special foundations 
are necessary. Variable speed con- 
trols available on all models. Auto- 
mated and auxiliary equipment, 
media, compounds for every need, 
Send parts with exact finish specifi- 
cations or finished specimen for 
sample processing in our laboratory 
to Mr. William Brandt at: 

PANGBORN CORPORATION, 1800 Pangborn 
Blvd., Hagerstown, Md., Pangborn Canada, 
Ltd., 47 Shaft Rd., Toronto (Rexdale), Can- 
ada— Manufacturers of Vibratory Finishing, 


Blast Cleaning, Dust and Fume Control Equip- 
ment; Rotoblast® Steel Shot and Grit®. 


OF HAGERSTOWN 
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Flow Characteristics of Zone-Refined 
Molybdenum Over the Temperature 
Range 4.2° K. to 373° K. 


by J. Van den Sype, A. Lawley and 
R. Maddin 


For this work, molybdenum rods 
were purified by varying numbers 
of passes, the electron-beam floating 
zone technique being employed for 
the operations. Specimens (in the 
form of single crystals, or coarse- 
grained material) were pulled to 
fracture at temperatures between 
4.29 K. and 373° K. (—450 to 100° 
F.). In addition, the authors deter- 
mined the reversible flow stresses. 

Results showed that pure molyb- 
denum behaved in a ductile manner 
in tension down to 4.2°K. (—450° 
F.) with a uniform strain of about 
5% at this lower temperature. The 
curve for reversible flow stress versus 
temperature for material given 
six zone passes was significantly 
lower than that for one-zone-pass 
material, while the latter curve lay 
below that reported for arc-cast or 
sintered material. The data are ana- 
lyzed in the light of the conflicting 
theories concerning the temperature 
dependence of yield and flow stresses 
in body-centered metals. 


Flow and Fracture of High-Purity 
Tantalum-Tungsten Alloys in the 
Ductile-Brittle Transition Region 


by D. P. Ferriss, R. M. Rose and 
J. Wulf 


In this investigation, the authors 
grew single crystals of tantalum, 
tungsten and their alloys (by elec- 
tron-beam zone melting), and tested 
them in tension between 77 and 
373° K. (—320 and 100° F.). The 
addition of 20% tantalum raised the 
ductile-brittle transition of tungsten 
to room temperature. Tantalum-base 
alloys with 31% tungsten showed a 
transition at room temperature. 

The onset of brittle fracture in 
tantalum-base alloys was associated 
with the higher yield and flow 
stresses required by solid-solution 
hardening. In high-tungsten alloys, 
the delineation between ductile and 
brittle behavior was less clearly es- 
tablished, although the transition 
temperature was raised by increasing 
the tantalum concentration. 


Notch Sensitivity of Refractory 
Metals 


by A. G. Imgram, F. C. Holden, 
H. R. Ogden and R. I. Jaffee 


Tensile and notch tensile proper- 
ties of molybdenum, tungsten, co- 
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Aluminum motor housing AFTER 


How do you hold together 
a supersonic sandwich? 


With a brazing alloy that becomes an 
integral part of the entire assembly . . . that’s 
General Electric’s vacuum-melted answer 


In brazing honeycomb laminations for high- 
temperature, high-strength applications, selection of 
the brazing alloy is at least as important as the metals 
to be brazed. If the braze is inadequate, the entire 
assembly is useless. 


General Electric’s vacuum-melting process produces 


a brazing powder for honeycomb applications which 
has exceptionally low erosion characteristics and 
offers top strength even up to 1800° F.! It also pro- 
vides superior “filleting” characteristics for better 
stress distribution in brazed joints. 


In addition to alloys for honeycomb brazing, G-E 
offers vacuum-melted brazing powders for general 
purpose and wide-gap applications. Each is of highest 
purity, uniformity, and reliability, May we send 
you additional information? Write: Metallurgical 
Products Department of General Electric Company, 
11113 E. 8 Mile Ave., Detroit 32, Michigan. 


METALLURGICAL PRODUCTS DEPARTMENT 


GENERAL @ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES * MAN-MADE DIAMOND « MAGNETIC MATERIALS * THERMISTORS ¢ THYRITE® * VACUUM-MELTED ALLOYS 
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i Metallurgical Memo from General Electric 


FORD MOTOR CO. PHOTO 


Now a complete sheet metal testing facility 
—in one bench model machine! 


This Tinius Olsen Duc®matic Sheet Metal Tester is prov- 
ing its reliability daily as a one-source testing facility. 


Routine ductiiity testing—with instant, automatic 
test-cease when a hairline crack appears—is only one 
phase of Ducématic performance. Deep draw cupping 
is the key to studying earing formations and predicting 
metal behavior in multiple drawing operations. Hole 
expansion testing data can be converted into hard- 
ness, tensile, elongation and deep drawing values. 
Proper clamping pressure can be determined in the 
laboratory to eliminate metal folding or breaking. 


Put the amazing versatility and accuracy of the 
Tinius Olsen Duc®matic to work for you as a one- 
source facility for your sheet metal evaluations. Write 
for Bulletin 62. Tinius Olsen Testing Machine Company. 


+ + + just one of the Years-Ahead advances in booth 329—1961 Metal Show. 


TINIUS , OLSEN 


2030 Easton Rd. 
we Willow Grove, Pa. 
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lumbium, and tantalum and one al- 
10H (Mo-0.5Ti) were investigated. 
All the materials were evaluated in 
bar form, the molybdenum and 
Mo-0.5Ti also being studied in 
sheet form. For each material, the 
authors rated notch sensitivities on 
the basis of several criteria, includ- 
ing the notch-unnotch strength ra- 
tio, ductility transition, and fracture 
transitions. 


Effects of Dispersions on the 
Recrystallization and Ductile-Brittle 
Transition Behavior of Tungsten 
by R. I. Jaffee, B. C. Allen and 

D. J. Maykuth 


Sintered tungsten-base alloys with 
up to 10 vol. % of finely dispersed 
materials (oxides, nitrides, and so 
forth) may be fabricated to strip by 
conventional hot working proce- 
dures. However, the characteristics 
of the powders must be considered. 
For instance, ThO,, Al,Ox, 
and UO, are stable, while SiO, and 
MgO are volatilized during vacuum 
sintering. On the other hand, TiN, 
ZrN, HfN, TaN, HfC, TaC, and 
Ta,C are not stable; nitrogen, car- 
bon, and titanium evaporated when 
the materials were vacuum sintered, 
leaving the residual metallic ele- 
ments. Though residual tantalum 
and hafnium are detrimental to fab- 
ricability, zirconium is not. Primary 
recrystallization temperatures are 
raised as much as 200° C. (360° F.) 
by ThO, + Na,O dispersion, ZrO,, 
and residual zirconium or tantalum. 
Furthermore, the ThO, + Na,O dis- 

rsion retards secondary recrystal- 
[isation up to over 2700° C. (4900° 
F.), and the ductile-brittle transition 
is lowered as much as 90° C. (160° 
F.) by dispersions, with ThO, + 
Na.O being most effective. 


Yield and Fracture in Polycrystalline 
Tantalum 


by M. A. Adams 


The author has made tensile tests 
on specimens of commercial tanta- 
lum of different grain sizes, and 
employed the variation of yield 
stress with grain sizes to assess the 
effects of temperature and _ strain 
rate. The high resistance on tanta- 
lum to brittleness has been con- 
firmed, all of the specimens showing 
pronounced necking and fractures, 
which were predominantly fibrous. 
However, on the fracture surfaces of 
the coarser-grained specimens tested 
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WELCOME TO DETROIT 


We at the Ford Scientific Laboratory take great pleasure in welcoming you to the 
1961 Detroit Metal Show and Metal Congress. We think you will like the bright 
new look of Detroit’s skyline and the facilities of Cobo Hall. This year’s meeting in 
Detroit holds particular significance to us, for it provides a fitting climax to the 10th 
anniversary celebration of the Ford Scientific Laboratory. 


During this 10-year period, | we ‘ps expanded from a small nucleus of people to 


nearly 300 persons—and we ] growing. Although this is a small fraction of 
the 10,000 technical people w up the Ford Research and Engineering Center, 
our group is responsible for maintaihing a strong science foundation for the present and 
future technology of the t 

A major ‘ther at, ‘ond Motor »Company’s Scientific Laboratory is 
materials science pes Structure and properties of ‘solids and the 
relationships, b recurs throughout the of pour several 
departments: and ‘electronics; chemistry, and 1 applied science. 

In this* ne facile of the Studies under 
way include: ener 
Theory of Imperfections Surface and Interfacial Phenomena 
Deformation and Fracture Diffusion and Mass Transport 
Strengthening Mechanisms Phase Transformations 
Corrosion and Surface Chemistry Sintering Mechanisms in Non-Metallics 


The Scientific Laboratory enjoys the unique distinction of being the only industrial 
laboratory budgeted on a five-year basis. This budget program has assured the Labora- 
tory’s steady growth by authorizing a major increase in technical staff. It provides for 
continuity of basic and applied scientific research programs without regard to cyclical 
economic fluctuations. 

The fundamental element in the Laboratory, however, is a core of creative, talented 
people who seek to gain the deepest possible understanding of the physical sciences. 

We hope your visit to Detroit will be most pleasant and satisfying. 


The Staff 
Scientific Laboratory 
Ford Motor Company 
Dearborn, Mich. 
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at —196°C. (—320°F.), some 
cleavage facets were observed. _Lit- 
tle or no twinning was observed in 
the tests, probably because the ma- 
terial was not very pure. 


Standard construction mate- 
rials for all Blackmer Vari- 
Fio pumps is high strength, & 
pressure-tight Meehanite 
Nodular tron. it provides 
the necessary mechanical 
properties and is less cost- 
ly than steel, particuiarly 
from the standpoint of ma- 
chining. The intricate rotor 
shown, a critical internal 
part subject to high 
stresses, is cast in type 
SP-80 to insure top per- 
formance under the most 
severe service conditions 


SOLVE YOUR TOUGH 
CASTING PROBLEMS WITH 
MEEHANITE NODULAR 


The excellent castability of Meehanite Nodular in combination with exceptional 
strength, ductility and wear resistance has led to its wide acceptance for intri- 
cate pressure castings and many other components which must withstand severe 
service conditions. The broad range of its utility is further enhanced by inherent 
production advantages resulting in a reduction of manufacturing costs. 


Meehanite Nodular is available in a broad range of properties embracing all current 
Nodular specifications and including some unique new wear and heat resisting 
types. When you specify one of the S$ types of Meehanite Nodular, you can be 
sure of obtaining castings that live up to specified claims. Meehanite foundries 
have more than a quarter of a century of experience in handling the essential 
materials used to convert the graphite in cast iron from the flake form to the 
nodular which gives this family of metals its unique engineering properties. 
Meehanite patented quality controls assure uniform dependability regardless of 
how small or how large the casting. 


For complete information about Meehanite Nodular, send for a free single copy 
of our eight page brochure (B-47-A). Write: Meehanite Metal Corporation, 714 
North Avenue, New Rochelle, New York. 


MEEHANITE METAL 


MEEHANITE CASTINGS ARE MADE ONLY BY MEEHANITE FOUNDRIES. 
Circle 1540 on Page 48-B 
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Working of Cast 
Structures e 


Tuesday, October 24 — 2:00 p.m. e 


Evaluation of Concast Bloom 
Sections for Seamless Tube 
Production 


by H. B. Emerick 


A trial quantity of square bloom 
sections made by continuous casting 
were processed into seamless N-80 
casing. The material was examined 
after rolling to rounds and after 
piercing, particular attention being 
paid to the effects of casting defects 
on product defects. In addition, the 
properties of the final pipe were 
compared with those of pipe made 
from conventional ingots. 


Effects of Forging and Rolling on 
Cast Steels 


by Cyril Wells 


The paper concerns extensive 
work on steels containing 0.30 to 
0.45% C and 1.5 to 4.5% total alloy 
content. It discusses the relation 
between ingot size and reduction of 
billet cross-sectional area to physical 
properties, and also includes the ef- 
fect of segregation and nonmetallic 
inclusions. 


The Role of High Strain Rates and 
Temperature on the Deformation 
and Fracture Characteristics of 

Iron-Carbon Alloys 


by Walter Lawson, T. B. King, and 
N. J. Grant 


This report covers a study of frac- 
ture ductility of cast, iron-carbon 
alloys (0.01 to 1.35 wt.% C) in rela- 
tion to stress, strain rate and tem- 
perature. Stress was varied from 
1000 to 1800 psi, strain rate from 
0.001 to 100% per sec. and tempera- 
ture from 1600 to 2200° F. These 
conditions approach those found in 
hot working processes. 
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JACKSON DROP FORGE CO., JACKSON, MICHIGAN 


Progressive Multi-stage Forgings 
as shown above are Forged in 


one heat with less draft on AJAX 


Forging Presses. Machining is reduced FE o r g i a g 


to a minimum for a saving in both time and material. 
Powerful AJAX Presses are fast operating and well-aligned— 
built with a solid steel frame in sizes 300 ton to 8000 ton capacity. BP re sse S 


There is an AJAX Press to fit your particular Forging 
requirements... 


Write for Bulletin 75C 
Circle 1541 on Page 48-B 


ASA METAL WORKING MACHINES 


FORGING PRESSES — FORGING MACHINES — FORGING ROLLS — AJAX-HOGUE WIRE DRAWERS 


THE AJAX MANUFACTURING COMPANY ........++.++.+.+.+.... CLEVELAND 17, OHIO 
CHICAGO OFFICE: 110 S. DEARBORN ST., CHICAGO 3, ILLINOIS 
W. P. WOOLDRIDGE CO. - BURLINGAME, CAL.- LOS ANGELES 22, CAL. 
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TEMPERATURE 
POTENTIOMETER 


& NOETHRUP CO 


Cal 8699 


Outrur 


* a 


TEMPERATURE 
POTENTIOMETER 


Here in one space-saving instrument (only 
7” x 6” x 5”), you'll find a self-contained 
portable potentiometer made with L&N’s 
top-quality craftmanship. If you’re check- 
ing thermocouples, recorders or con- 
trollers in industry—or measuring tem- 
peratures in research work—you can 
choose, from 15 different ranges, the 8695 
Double-Range Potentiometer which meets 
your needs (an 8694 Single-Range instru- 
ment is also available). For information 
on ranges, write for Data Sheet E-33(5). 
LIMIT OF ERROR—+0.3% of range. 
FUNCTION SWITCH—Six-position switch pro- 
vides following internal connections: (1) ‘OUTPUT’ 
A (2) “STD” A (3) “MEAS” A (4) “MEAS” B (5) “STD” 
B (6) “OUTPUT” B. 

case—Metal with handle, 7” x 6” x 5”. Wt: 
4¥ Ibs. 

price—8695: $240.00. 8694: $200.00 F.0.B. Phila. 
or North Wales, Pa. (Price subject to change without 
notice). Specify List Number 8694 or 8695 with 
desired range suffix numbers, obtainable from your 
nearest L&N Office or 4927 Stenton Ave., Phila. 44. 


& NORTHRUP 


Pioneers in Precision 
Circle 1542 on Page 48-B 


230 


Vacuum Techniques 
in Metallurgy — I 


Tuesday, October 24 — 2:00 p.m. 


Arc vs. Electron-Beam Melting in 
High-Vacuum Environments 
by R. P. Morgan and T. E. Butler 


In recent years, the electron- 
beam melting technique has attained 
a dominant position in the field of 
refractory metal consolidation where 
a product of exceptional chemical 
purity is desired. The present paper 
reviews some of the problems which 
were encountered in an attempt to 
achieve similar purities in material 
processed by the consumable arc 
method. Factors of arc instability, 
control of material processing rates, 
and chemical purity of the ingot 
ages are discussed, with particu- 
ar reference to the behavior of 
columbium, tantalum, and tungsten. 
The authors conclude that, with cer- 
tain reservations, equivalent product 
purity can be obtained by either 
melting technique. 


Production Applications of the 
Electron-Beam Heating Source 
to the Refractory Metals 
by E. F. Baroch and W. A. Aschoff 


Electron-beam units are useful for 
melting, welding, sintering, and an- 
nealing refractory metals. This is es- 
— true of melting because the 

igh melting points and relatively 
low vapor pressures of refractory 
metals allow vacuum purification. 
Other factors entering into purifica- 
tion effect are the equilibrium 
concentrations in the molten state 
and physical bonding forces. 

In welding, current practice in- 
volves three distinctly different types 
of operation. Very narrow beads 
are being welded in thin, clean, sheet 
material, electrodes are being fabri- 
cated for electron beam or arc melt- 
ing, and vacuum-melted ingots are 
being conditioned by sidewall fusion. 


The Use of Electron Beams in 
Vacuum Metallurgical 
Processes 
by J. C. Simons, Jr., and 
P. L. Raymond 


This work reviews the basic tech- 
nology of electron beams, and de- 
scribes a vacuum unit which employs 
three stages of differential pumping. 
It also presents results for such cook 
as: vacuum evaporating refractory 
metals to coat metal surfaces; vac- 
uum encapsulating solid materials 


HARRIS CHILLING HELPS 
MAKE PRECISION THEIR 
MIDDLE NAME AT... 


Miniature Precision Bearings, Inc., 
Keene, N. H., achieves dimensional sta- 
bility in their tiny bearings through 
chill-treating AISI-440-C S.S. and SAE 
52100 steel in their Harris Chilling Ma- 
chine. The chilling process, at -120°F., 
minimizes molecular rearrangement 
and also effects further transformation 
from austenite to martensite. 

MPB also stabilizes tools and gages 
through Harris chill-treatment of alloy 
tool steels and high speed steels used 
in their fabrication. 


Harris Model 5L-B2 Refrigeration Machine 
chill-treats steel at MPB for dimensional sta- 
bility in precision bearings, tools and gages. 


Requiring the utmost in dimensional 
stability, MPB bearings are designed to 
operate at temperatures from —65° to 
+ 150°F. In smaller sizes, 1000 MPB 
bearings weigh only 3.3 oz. Largest 
MPB part is the outer ring of a ¥% inch 
ball bearing. The company has been so 
successful in living up to its middle 
name, “Precision,” that it was chosen 
one of the top ten plants in the U.S. by 
the magazine, “Factory Management,” 
in 1957. 

The Company’s General Marketing 
Manager, Mr. R. I. Kern, testifies that 
their Harris Chilling Machine effec- 
tively speeds transformation of the 
steels, gives more than adequate tem- 
perature control within 5°F., and of- 
fers easy accessibility for operation and 
adjustment. 


SEE OUR NEW 2 CU. FT. 
MODEL AND OTHERS 
AT BOOTH 1215, METALS SHOW 


306 RIVER ST., CAMBRIDGE 39, MASS. 


Specialists in Refrigeration Engineering, 
Manufacturing, and Service since 1934. 
Circle 1543 on Page 48-B 
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AHRI 


HEAT AND connosion | 


centrifugally 
cast tubes 


AHRITE ¢ 
are available in a wic 


nesses for many types of service. 

Ohio's exclusive use of permanent 

molds, plus the latest production __ 

facilities and foundry techniques, — 
ovides outstanding uniform 


* Tubular Hearths for Batch Type Furnaces _ 
® Hold-Down Rollers for Pickling Operations 
* Sleeves — and many other essential alloy 


UNDRY CO. 


Circle 1544 on Page 48-8 
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HIGH ENERGY DENSITY permits deep weld through 1” stain- 
less steel with 20/1 depth/width ratio. Virtual absence of 
heat-affected zone is illustrated by 10x and 150x magnification. 


New Hamilton-Zeiss machine makes ‘ 
precise welds in today’s most : 
difficult materials and structures 4 


A new and improved version of the famous Hamilton-Zeiss 
Electron Beam Welder has been designed, developed and is 
now being produced by Hamilton Standard. 

The machine incorporates larger work chamber, more 
versatile work-handling equipment, higher power, simplified 
PRECISION WELD of razor blade edge to stain- controls, and many other improvements. It makes deep or 
less steel plate shows ability to Wee vary Ben microminiature welds with hitherto unattainable precision. It 

can join dissimilar materials which have widely varying melting ae 
points, and weld virtually any refractory metal or exotic = 
material. Hamilton-Zeiss machines are revolutionizing fabri- 4. 
cation techniques and innovating new products throughout 
industry. 

KEY ELEMENT OF THE MACHINE is an electron gun, 
which focuses up to 25 million watts per square inch on the 
workpiece. Pinpoint concentration means that areas only 
thousandths of an inch away remain cool and retain their 
physical properties without distortion. Minimized heat diffu- im 
sion makes possible highly localized welds within any mat- ‘ia 
erial or structure. 

STRONGEST WELDS POSSIBLE are achieved because the 


high energy density beam operates in a vacuum; thus, oxidation ae 
CERAMIC WELD demonstrates ability of ma- and contamination problems inherent in other welding proc- = 
chine to effectively join materials which up to esses are eliminated. Moreover, the electron beam, by vapor- dies 
Se izing impurities, actually produces welds as strong as the ie 


base materials. 


WELD CERAMICS, TITANIUM, 
TANTALUM, MOLYBDENUM, 


The new Hamilton-Zeiss electron beam welding machine 
will be demonstrated at the forthcoming 43rd National Metal 
Congress and Exposition, Cobo Hall, Detroit—October 23 
through 27. Complete information on Hamilton-Zeiss machines 
for welding or for cutting is available from Hamilton Electrona, 
Inc., Time-Life Building, New York, New York. 


UNITED AIRCRAFT CORPORATION 


AMICON STANDARD 


ELECTRON BEAM MACHINES 


Circle 1545 on Page 48-B 
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Cross section of one of eight T welds on an 18-8 stain- 
less steel thin-wall heat exchanger. (Unretouched photo.) 


THE MARQUARDT TM-1 
A FULLY AUTOMATIC 
TEST MACHINE 


The Marquardt TM-1 Autodynamic Elevated Temperature Test Ma- 
chine is a fully automatic, servo-controlled universal testing machine 
which measures and records modulus, yield, ultimate strength, and other 
mechanical properties of materials. 
¢ The TM-1 automatically simulates stress and strain conditions to 
calibrate recorders, eliminating errors and time consuming setup 
procedures and data reduction. 
¢ The TM-1 automatically runs the test per pre-set conditions. 
The TM-1 automatically records the test results in the form of a 
true stress-strain (psi vs. in/in) curve to failure. 
¢ The TM-1 automatically reproduces the identical test conditions 
on additional specimens for reliable comparisons. 
¢ The TM-1 automatically heats (and controls the temperature of) 
the test specimen. 
Tests can be run automatically under rapid heating and loading or strain- 
ing conditions at temperatures from —300°F to +5,000°F; with true 
gage length strain control from .002 in/in/min to 45 in/in/min for 1 in. 
gage lengths; from 50 gm. to 50,000 Ib. in tension or compression. Load 
and strain control include uniform rate, cyclic, or complex programs. 
Now in production and designed to meet today’s most exacting materials 
testing requirements, the TM-1 is only one of the testing tools in 
Marquardt’s product line which includes other universal testing machines, 
programmers, power controllers, extensometers, and related equipment. 


of 


CORPORATION 
CORPORATE OFFICES, VAN NUYS, CALIFORNIA 


For details write: 
Director-Marketing, 
16555 Saticoy Street, 
Van Nuys, California 
Sales representatives’ 
inquiries invited. 


TM-1 CONTROL CONSOLE 


TM-1 50,000 LB TEST BED 


Circle 1546 on Page 48-B 
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to alter their effective properties; 
and vacuum melting of refractory 
metals for laboratory and commer- 
cial programs. 


Purification Techniques for Arc 
Melting Tantalum and Tantalum- 
Base Alloys 
by M. L. Torti and C. A. Hornell 


A slow melting rate is an impor- 
tant condition for achieving maxi- 
mum purification, according to this 
paper. For this work, two series of 
ingots were cast, one with a retract- 
able mold-base, the other, with a 
conventional fixed mold-base. The 
former group was much purer and 
more homogeneous. The author 
also discusses melting behavior and 
ingot purification of various alloy 
compositions. 


Furnace Reactions With Gases 
Which Affect the Quality of Vacuum 
Induction-Melted Uranium 
by R. W. Endebrock and 
E. L. Foster 


To a_ considerable extent, the 
soundness and purity of uranium 
fuel slugs is dependent upon process 
variations in melting and casting. 
During vacuum melting, interaction 
of air and water with both uranium 
and the graphite container compo- 
nents is of particular concern; oxy- 
gen, nitrogen, and especially CO 
play an important part in final metal 
purity. While some of these gases 
can be instrumental in helping to 
form protective drosses, high CO 
partial pressures can produce higher 
carbon-oxygen levels in uranium 
than would result from simple metal- 
gas reactions. Water is particularly 
troublesome in that it can react with 
carbon to produce large quantities 
of CO. 


The Production of Pure Molybdenum 
and Its Alloys by Floating 
Zone Melting 
by J. A. Belk 


High-purity molybdenum has been 
produced by the electron-bombard- 
ment floating zone method of melt- 
ing. Analysis has shown that the 
gas content was considerably re- 
duced, and that the reduction of 
carbon was mainly due to zone re- 
fining Mechanical properties of the 
purified material (in single crystal 
and polycrystalline form) are given 
as are methods for making alloys of 
the refractory metals. 
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BL-6113 


Unique combination of 8 properties 


Why do you bother with the costs and troubles of heat 
treating your machined parts? Make them out of Strain- 
Tempered bars, another Bliss & Laughlin first. 
Strain-Tempered can be tailored to meet your field 
service requirements for: 
» High tensile, yield, fatigue and torsional strengths 
(tensiles approaching 200,000 psi) 
Excellent machinability Dimensional stability 
+ Comparable wearability + Uniformity 
You pay only for the strength and machinability you 
really need. In Strain-Tempered steels the selection is 
wide, from the industry’s most complete line of high 
strength cold finished steel bars. This includes both 
carbon and alloy analyses, leaded or unleaded. 
Let us show you how Bliss & Laughlin can cut your 
costs and get rid of your heat treating headaches. 


Bliss & Laughlin has been producing cold finished steel 
bars for 70 years, Strain-Tempered bars for 30 years. 
Call on this experience! 


Leading 

Independent Producer 
of Cold Finished 
Stee/ Bars 


BLISS & 
LAUGHLIN 


GENERAL OFFICES: Harvey, Illinois MILLS: Harvey, Ill., Detroit, Cleveland, Buffalo, Mansfield, Mass., Los Angeles, Seattle 
Circle 1547 on Page 48-B 
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REFRACTORY-LINED PIPE 

RESISTS ABRASIVE BLAST 

This silicon-carbide-lined elbow in air conveying sys- 
tem shows no pitting or other wear after 2’ years. 
Rubber liners previously used were cut through in 
less than six months by finely divided cement and 
asbestos particles in the hot air stream. Exceptional 
wear resistance of Carborundum’s silicon carbide re- 
fractories makes them ideal for use wherever severe 
abrasion is encountered, as in dust collectors, blast 
furnace down-comers, tees and ells in pipe lines. 


Report from Carborundum: 


How specialized 


HEATING CYCLE IS CUT BY ONE-THIRD 

By changing from a firebrick lining to ALFRAX® BI 
“bubble brick,” heating cycle of this slot-type forge 
furnace dropped from 45 minutes to 30 minutes. This 
refractory offers high temperature resistance, thermal 
insulation and load-carrying ability. It is installed in 
the front, side, and back walls and arch. Silicon car- 
bide brick are used in the floor. Furnace is oil-fired, 
operates five days a week without shutdown. Mate- 
rials give 12-18 months service. 


GAS REFORMER ATTAINS 97% EFFICIENCY 
WITH ALUMINUM OXIDE CHECKERS 


Fluted ALFRAX® Al2Os checkers are laid face to face 
forming small parallel flues in the gas reformer unit. 
High specific heat and density of the fused alumi- 
num oxide checkers provide an ideal heat-storage 
mass. Their chemical stability and purity prevent 
destructive reactions. Typical gases reformed are pro- 
pane, butane and natural gas at maximum gas temper- 
atures of about 1600°F. Conversion efficiency is 97%. 


refractories excel 


REFRACTORY TILE TAKES HEAT SHOCK 


Powdered metal parts are raised into this sintering 
furnace on an “elevator.” The parts are placed on a 
CARBOFRAX® tile on top of the lift. The tile fills the 
need for high resistance to thermal shock and pro- 
vides a hard, dense surface. Chamber is lined with 
ALFRAX® BI aluminum oxide brick, used for low heat 
capacity, high refractoriness and good thermal insu- 
lating value. 
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SKID RAILS CARRY 
TONNAGE LOADS WITH MINIMUM WEAR 


After one year, these CARBOFRAX® silicon carbide skid 
rails still looked good as new, though they had carried 
16,500 tons of forging billets. Four months later dur- 
ing a shutdown period the total wear was measured 
as 46". Compare this record with the two-weeks serv- 
ice obtained from a rammed chrome hearth. Each 
replacement required furnace shutdown which, in 
turn, cut output. Temperature rise through pusher- 
type furnace is 1400°F, 


in low to high 


THIN-WALLED MUFFLE IS RUGGED, STABLE 


This furnace operates up to 3000°F in a hydrogen or 
cracked ammonia atmosphere. Heat source is a moly 
ribbon wrapped around an ALFRAX® PK muffle and 
then coated with insulating cement. Even with its thin 
walls, power requirements are not excessive. The 
aluminum oxide muffle is rugged, dimensionally ac- 
curate and has long life. Fused alumina “bubbles” 
piled around muffle are used to insulate the furnace. 


CRUCIBLE LINING 
FOR Al-Cu ALLOYS HAS LONG LIFE 


Each of these crucible furnaces is equipped with a 
CARBOFRAX® block-type lining. The individual silicon 
carbide shapes are tongue-and-grooved for strength 
and stability and are easily installed. Long life of the 
blocks eliminates frequent patching and permits 
steady, reliable operation. Clinkers do not form, so 
that heat radiates uniformly from linings to crucible. 
The coke-fired furnaces are used to melt high-quality 
aluminum bronze. 


temperature jobs 


Want help on your problems? 


Carborundum engineers will be glad to recommend 
refractories to answer your specific needs. For infor- 
mation, contact Dept. M-101, Refractories Division, 
The Carborundum Co., Perth Amboy, N.J. Descriptive 
brochures available on request. Please specify the 
area or areas of particular interest to you. 


for engineered refractories ...count on 


CARBORUNDUWN* 
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Physical Metallurgy 
of Refractory 
Metals — Il 


Tuesday, October 24-—-2:00 p.m. 


The Effect of Purity on the Strength 
of High-Purity Tungsten at Elevated 
Temperatures 
by J. L. Orehotsky 


a : This report concerns the effect of 

purification on the high-temperature 

stren of tungsten. Undoped 
ee with rods (before and after 
purification) were drawn to wire; 

. these wires, along with doped tung- 4 

sten wire, were used for the evalua- 

tion. The wires were recrystallized 

ant to the same equiaxed grain size, and 

2100- 2200 F we then tested for stress rupture and 

\ tensile strength between 800 and 

1700° C. (1470 and 3100° F.). At 

the higher testing temperatures, 

strength properties varied with pur- 

ity, the purest wire having the lowest 

strength. 

The high-temperature — strength 
characteristics of the as-drawn (cold 
worked) wires were also evaluated. 
At elevated temperatures, the 
strengths of the cold worked wires 
were excellent provided recrystal- 
lization did not occur during testing. 


The Effects of Interstitials on the 
Properties of Cb-Rich Alloys in 
the Cb-W-Zr System 
by J. W. Clark 


This paper, which concerns the 
effects of interstitial elements on the 
mechanical properties of wrought 
alloys in the Cb-W-Zr system, places 
emphasis upon creep-rupture 
havior in the 1100 to 1200° C. (2000 
to 2200° F.) range, ductility at room 
temperature, and the correlation of 


The castings shown are for high temperature heat- these properties with microstructure. 
treating furnaces. They are cast of a special HOM alloy, At sireonium levels of 0.5 t 
developed by Duraloy Metallurgists to meet the increas- 2.0% On optimum guiditeitton of 
ingly higher temperatures now confronting the metal creep resistance and low-tempera- 
working industries. ture ductility is obtained with Zr/C 


atomic ratios near unity. At these 
concentrations, a fine, uniformly 
distributed dispersion is observed. 
In a typical alloy, the 100-hr. rup- 


HOM is an alloy that retains considerable strength over 
a broad working area at 2200°F. It can be used for 
limited applications at 2300°F. 


Duraloy Metallurgists—as exemplified by this HOM ture at 1093° C. is greater than 
development—are always on the alert to broaden their 40,000 psi., elongations of over 10% 
service to industry. They have the knowledge, experi- being retained in room-temperature 
ence and equipment to make good high alloy castings tensile tests. 


for your requirements whether static, centrifugal or 
shell-molded. Bulletin G-261 gives full details. 


Strengthening of Mo-Ti-Zr Alloys 
With Carbon and Boron 


URALOW by M. Semchyshen and R. Q. Barr 


F PLANT: : ; 

How 37,0. containing titanium or zirconium (or 


CHICAGO OFFICE: 332 South Michigan Ave., Chicago, Il. a 
DETROIT OFFICE: 1025 Maple Road, Troy, Michigan both) indicated that the strength 


HOUSTON OFFICE: 4101 San Jacinto, Houston 4, Texas properties were sensitive to the re- 
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ELECTROLYTIC POLISHER 


The Carl Zeiss Jena Electrolytic Polisher is the only instrument in the world permitting 
constant observation of the etching process. Elimination of stop-and-start, trial-and- 
error specimen preparation results in tremendous time saving and increased accuracy. 


e Electrolytically removes layers from specimen surface under controlled conditions 

e Polisher is completely closed during operation protecting user from contact with electrolyte or live 
electrical parts 

e Automatic safety interlock stops electrolytic action when unit is opened 

¢ Specimen size up to 30 mm. high x 100 mm. diameter 

e Microscope provides 210X magnification 

Easily adaptable to photomicrographic studies 

e External power supply unit included 


NEOPHOT-—Research Metallographic Microscope 


Modern, incident-light, photo-microscopy has a strong ally in the Carl Zeiss Jena Neo- 
phot, an extremely accurate research metallograph priced as a routine instrument. 


© Optical system corrected to produce highest resolution and flatness of field obtainable 

Highly flexible . . . bright field, dark field, polarization, phase contrast 

Three individual photographic systems permit a succession of imaging scales from 0.5:1 to 1600:1 
e Microhardness Tester (model 032) available as accessory unit 


Complete information may be obtained from your local Carl Zeiss Jena instrument dealer or by writing: Dept. MP 10/61 


ERCON 


OCTOBER 1961 


Ercona Corporation, Scientific Instrument Division, 16 West 46th Street, New York 36, N.Y. 
In Canada: Jena Scientific instruments Ltd, 1437 MacKay Street, Montreal, Quebec 
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sidual carbon content. Depending 
on the C/Ti (or C/Zr) ratio in the 
~— strengths varied significantly. 
In both systems, the optimum car- 
bon content was about 10% of the 
alloying element, a similar relation- 
ship being observed for alloys in 
which carbon was replaced by 
boron, In the latter group, how- 
ever, strength properties were gen- 
erally lower than those for carbon- 
containing materials. The strength 
dependence of molybdenum-base al- 


loys containing titanium or zir- 
conium (or both) with carbon is 
attributed to the locking of disloca- 
tion movement by the critical disper- 
sion of the carbide phases. 


Effect of Heat Treatment and 
Precipitation Hardening on Strength 
Properties of Mo-Base Alloys 


by W. H. Chang and L. P. Jahnke 


In a previous investigation, the 
hardening process in a molybdenum 
alloy (containing 1% Ti, 0.1% Zr 
and 0.14% C) was shown to be asso- 
ciated with the precipitation of TiC 


EFFICIENT 
ECONOMICAL 
QUIET 


SAFE 


BUZZER 


8G. U.S. PAT 


STANDARD — a com- 
plete line of bench, 
floor, muffle and at- 
mosphere type, gas- 
fired furnaces for all 
heat treatin 
tions to 24 


This is but part of the extensive 
BUZZER line of gas equipment 
for modern process heating. 
The complete Hones catalog be- 
longs in your active file. Write 
for a copy. 


CHARLES A. 


INC. Baldwin, L.l., N.Y. 


Featuring Time-Tested 


OVEN FURNACES 


SPECIAL — custom- 
built in batch and 
continuous types for 
specific heat treating 
processes. 


Venturi Register Burners 
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accompanied by simultaneous disso- 
lution of pre-existing Mo,C upon 
aging. This paper discusses the ef- 
fect of heat treatment on the tensile 
and rupture stren ngth of this alloy 
in both worked and nonworked con- 
ditions. 

In the worked condition, it is 
greatly strengthened by prior high- 
temperature annealing, or annealing 
and aging. In the nonworked con- 
dition, low-temperature strength is 
increased by aging, whereas high- 
temperature strength is enhanced by 
annealing alone to the extent that it 
is equal to the strength of the 
worked condition. Experimental ob- 
servations have generally been cor- 
related to the state of carbide disper- 
sion as affected by heat treatment, 
and the interplay between strain and 
precipitation hardening is discussed. 


The Effect of Yttrium and Selected 
Rare Earth Additions on the 
Removal of Interstitials From 
Tungsten and Molybdenum 


by D. T. Klodt and J. F. Nachman 


Ingots of molybdenum and tung- 
sten alloys were prepared by melting 
the base metals with yttrium or se- 
lected rare-earth metals. Grain re- 
finement, reductions in as-cast hard- 
ness, and increased ingot soundness 
were noted in most of the molyb- 
denum alloys, but were not observed 
in the tungsten alloys. The eff- 
ciency of the removal of interstitial 
elements by the yttrium or rare-earth 
additions was evaluated by torsion 
ductility and ductile-to-brittle transi- 
tion tests. 


The Physical and Mechanical 
Properties of a Chromium-Base Alloy 


by R. E. Cairns, Jr., and N. J. Grant 


In this study of a chromium alloy 
containing 1% Cb and 0.25% Y, the 
authors investigated the transition 
temperature (in the recrystallized 
condition and after various amounts 
of prestrain), the dynamic modulus 
of elasticity (over the 70 to 2000° 
F. range), the high-temperature 
strength (at 1500, 1800 and 2000° F. 
in the recrystallized condition, and 
at 1500 and 1800°F. in the pre- 
strained condition), and the oxida- 
tion resistance. 


Electron Metallographic Techniques 
for Studying Tungsten Wires 
and Powders 


by Charles F. Tufts 


To study these materials, a resolv- 
ing power of better than 100 A. is 
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Forging 
a metal 
spectrum for 
any flight 
environment 


Whether design criteria be Mach 2 or escape 
velocity — the part a wing spar or rocket mo- 
tor nozzle — most of the significant advances 
in forging conventional, exotic and refrac- 
tory materials come from Wyman-Gordon. 
Here, technical breakthroughs in size, com- 
plexity and strength-to-weight ratios of forged 
airframe hardware and propulsion components 
have materially raised performance ceilings 
for every type of vehicle — global bomber to 
deep space probe capsule. Always impatient 
with state-of-the-art concepts, Wyman-Gordon 
engineers and metallurgists constantly explore 
ways to bring hitherto “‘unforgeable” metals 
and alloys into operational use — broadening 
the spectrum of ultimate-performance ma- 
terials available for advanced vehicle designs. 
Consultation on your project requirements 
can help achieve better correlation of materials 
to service environment. 


CURRENTLY FORGING THESE AERO-SPACE MATERIALS 


Aluminum Beryllium 
Titanium Molybdenum 
Magnesium Tantalum 
Columbium Zirconium 
Hafnium Tungsten 
Inco 718 René 41 
Astroloy Waspaloy 
Stainless steels Vacuum-melt alloys 
Nickel-base alloys lron-base, high- 
High-strength die temperature alloys 
steels 20-27 Nickel steels 
WYMAN - GORDON 
FORGINGS 
of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon materials 
HARVEY ILLINOIS WORCESTER MASSACHUSETTS DETROIT MICHIGAN 


GRAFTON MASSACHUSETTS LOS ANGELES CALIFORNIA PALO ALTO CALIFORNIA FORT WORTH TEXAS, 
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Whether you HEAT your product (or equipment) 
with high temperatures or EAT it with corrosive 
chemicals or gases, 


there 1s a way to 
get BETTER high 
alloy castings at 
a BETTER price! 


(and still get the FAHRALLOY priceless additive! ) 


THE FAH RALLOY 
COM PANY 


custom high alloy castings with a priceless additive 
LEXINGTON AND 148th * HARVEY, ILLINOIS 


We believe that every product contains one more property than is specified 
_~the character of the producer. In cut-price products this character is for 
sale. In Fahralloy products it is priceless, yet, because of this policy (not 
in spite of it) Fahralloy can meet price requirements without cutting 
quality or service! 

Stainless or High Temperature static, precision shell molded or centrifugal 
castings from an ounce to 3000 pounds; Special alloys—Nickel, Ni-Resist®, 
Monel®, Chrome, Moly., Tungsten, Tool Steel Grades . . . as specified. Send 
for free brochure. 
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needed to observe substructures ade- 
quately; this makes electron optical 
methods obligatory. In addition, 
replication methods of electron met- 
allography allow the observer to de- 
termine the size and habit for aggre- 
gates and single particles contained 
in powder specimens. This report 
discusses and illustrates recent ad- 
vances in the carbon replica method 
for the electron ais of 
tungsten wires and powders, and 
gives experimental details for speci- 
men preparation using platinum pre- 
shadowing in conjunction with par- 
lodion- carbon replication. 


Nuclear Fuel 
Reprocessing — I 


Wednesday, October 25 — 9:00 a.m. 


Phase Relationships in Plutonium 
Halide Binary Fused Salt Systems 


by J. A. Leary and K. W. R. Johnson 


With the recent application of 
fused salt technology to plutonium 
processing, interest has been stimu- 
lated in phase relationships of plu- 
tonium-salt systems. As a result, 
binary phase diagrams for the sys- 
tems PuCl, plus LiCl, NaCl, KCl, 
RbCl, CsCl, MgCl,, CaCl, SrClo, 
and BaCl, have been determined 
over the complete composition 
range. In general, the larger the 
ionic radius of the alkali and alkaline 
earth cation, the greater the ten- 
dency to form compounds with 
PuCl,. Thus, systems containing 
LiCl, NaCl, MgCl, or CaCl. are 
represented by a simple phase with 
no compound formation. All other 
systems contain at least one com- 


pound. 


Processing of Uranium Dioxide 
Fuel by the Salt Cycle Process 


by M. T. Walling, Jr. 


This report discusses the develop- 
ment of the salt cycle process for 
uranium dioxide fuels, a key feature 
of which is the production of fuel- 
grade UO, by cathodic reduction of 
uranyl chloride dissolved in molten 
chloride salts. Results are presented 
on the closure of the fuel cycle 
through this process, and on studies 
of the electroyltic reduction of 
uranyl ion to UO,. Also covered are 
methods for incorporating plutonium 
dioxide (or thorium diowide) in the 
deposited UO., and producing large 
crystals of 
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furnace atmosphere 


M-S-A® LIRA® Infrared Analyzer Model 300. 10%” wide. 8” high. 20” long. 


new from MSA: simplified, low-cost 
infrared analysis of furnace atmospheres 


Here at last is a new, low-cost infrared analyzer that greatly 
simplifies measurement of CO, COz, methane and dew point. 

The new M-S-A® LIRA® Model 300 is not complex. Fact 
is, it’s a very easy instrument to live with. As an effective 
check against quality control problems in furnace atmos- 
pheres, this unit is invaluable. It really helps reduce rejects. 


For Total 

Combustibles: For Hydrogen: 
M-S-A® Combustible M-S-A® Gas 
Gas Analyzer Thermatron 


The LIRA 300 is compact and lightweight. Entire 
assembly is mounted on a single roll-out tray. And if port- 
ability is desired, a handle can be added. 

More information? Please state your particular problems 
of atmospheric analysis and control when you write for 
our informative new bulletin. 


INSTRUMENT 
DIVISION 
M-S-A® Oxygen Mine Safety Appliances Company 
Analyzer Pittsburgh 8, Pennsylvania 
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Measure 


High 


EASILY, 
ACCURATELY 


with the 


instant, 


The SHAWMETER is an automatic, direct-reading, two-color 
pyrometer for indicating, recording or controlling temperatures 
up to 6500°F. 

Measures the temperature of flowing metal, or of moving or 
stationary objects. No emissivity correction needed. Tempera- 
tures may be measured at a considerable distance from 
the object. 

Accurate, sensitive, rugged. Write for complete details. 

See this remarkable instrument at the Metal Show. Booth 1135 


LATRONICS CORPORATION 


Formerly Shaw Instrument Corporation 


‘CERAMIC TO METAL SEALS AND ELECTRONIC INSTRUMENTATION ; 
>. BOX M-46 + LATROBE, PENNA. + PHONE: KEystone 9-162 
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Fused Salt Oxidation-Reduction 
Process for Plutonium Fuel Recycle 
by James G. Reavis 


The author has evaluated a chlor- 
ide conversion cycle as a pyrometal- 
lurgical process for plutonium-rich 
metallic fuel. In this technique, the 
impure fuel is reacted with zinc 
chloride in sodium chloride solution 
between 500 and 860° C. (930 and 
1580° F.). Three separation phases 
are evolved, two liquid and one gas. 
Plutonium and electropositive fission 
products are converted to the respec- 
tive chlorides which are soluble in 
the molten salt phase. Meanwhile, 
the phase of liquid zinc dissolves the 
less electropositive elements (such as 
molybdenum and ruthenium), and 
volatile elements and chlorides (zir- 
conium chloride, for instance) sepa- 
rate into the gas phase. 

After separating the two liquid 
phases (by filtration), plutonium 
chloride in the salt phase is reduced 
to recover the plutonium. The ter- 
nary plutonium-cerium-cobalt is a 
liquid metal fuel which can be re- 
generated directly by reduction with 
cerium-cobalt alloy. 


Recent Developments in the 
O.R.N.L. Volatility Process 
by C. E. Guthrie 


In this process, now in the pilot 
stage, fuel elements of uranium- 
zirconium alloy are dissolved in a 
molten fluoride salt which contains 
hydrofluoric acid. After the ura- 
nium is converted to UF,, the mol- 
ten salt is transferred to another 
vessel for reaction with fluorine to 
recover the uranium as volatile UF. 
The process can also be used to 
recover uranium from BeO and ZrO, 


fuel types. 


Liquid Metal Processing of Fuel 
From the Second Experimental 
Breeder Reactor 
by R. D. Pierce and Leslie Burris, Jr. 


Liquid metal solvents are now 
under study as a means for process- 
ing reactor fuels, the main objectives 
at present being to reduce fuel cycle 
costs in the EBR-II unit. A simple 
process, melt refining, provides for 
quick recovery and recycle of the 
bulk of the discharged fuel. A proc- 
ess employing zinc-magnesium sol- 
vent combinations is being devel- 
oped to recover uranium remaining 
in the refining crucible (as oxide and 
unpoured metal), and a similar proc- 
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Forged blooms in this soaking pit at Green River Steel are kept at an accurate 2200 F., with the precise control of gas he. 


Green River Steel relies on GAS for precise control of critical heats. At Owensboro, 
Kentucky, Green River Steel Corporation, subsidiary of Jessop Steel, produces clean, fine- 
grain alloy steels. For quality control in. heat processing this producer relies on the precise 
control and uniform heat of gas. (1) Gas preheats ingots to maintain critical temperatures for 
rolling. Gas gives instant, accurate heat in Green River’s 4 reheating furnaces and 8 soaking 
pits. The entire operation is more profitable because of the unbeatable economy of gas. 0 You 
can upgrade heat processing, keep costs down with the precise control, speed, cleanliness, econ- 
omy and dependability of gas. Call the Industrial Sales Engineer at , your local Gas Company. 


t 
American Gas Association FAR HEAT PROCESSING ...GAS 6 IS GOOD BUSINESS! 
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ess has been devised for separating 
plutonium bred in the uranium blan- 
ket of the reactor. Fused salts are 
also being used in combination with 
liquid metals to enhance hetero- 
geneous reaction rates. Although 
present applications are specific, the 
processes are of general utility and 
can be applied to other fuels. 


The Fluidized Bed in Radioactive 
Waste Disposal 


by J. I. Stevens 


As a means for disposing of radio- 
active waste, much work (both in the 
laboratory and pilot plant) has been 
done with the fluidized-bed tech- 
nique. This report presents the re- 
sults of pilot-plant work on the cal- 
cining of wastes from aluminum- 
type fuels over the 250 to 550° C. 
(480 to 1020° F.) range with fluid- 


izing velocities from 0.8 to 1.0 ft. 

r sec. Other variables investi- 
gated have included feed composi- 
tion, designs and operating condi- 
tions for pneumatic-atomizing feed 
nozzles, and return of fine particles 
to the bed. The author also pre- 
sents a process flowsheet of the 
Demonstrational Waste Calcining 
Facility, and describes the results of 
the first runs with simulated alumi- 
num waste. 


Vacuum Techniques 
in Metallurgy — II 


Wednesday, October 25 — 9:00 a.m. 
Zone Purification of Yttrium 


by W. C. Necker 
This paper describes the equip- 
ment, processes and techniques used 


So it doesn’t break---So what?? 


So we can bend a Marvet High-Speed-Edge 
Hack Saw Blade double, and it won’t break. 
Does this prove anything? 


Let’s see if it does. When you buy a box of hack 
saw blades, you expect each blade to have a 
reasonable cutting life. For example, take an 
ordinary blade that costs $4.00, and you expect 
it to produce 2000 sq. inches of accurate cutting- 
off before it is discarded. Would you be willing 
to pay $8.00 for that same blade? You will, if it 
breaks halfway through its expected life. 


Bending a Marvet High-Speed-Edge Hack 
Saw Blade to demonstrate that it is truly un- 
breakable proves the point that you get every 


ARMSTRONG-BLUM MANUFACTURING CO. 
5700 West Bloomingdale Avenue « Chicago 39, Illinois 


square inch of blade life you pay for when you 
buy Marve Blades. 


Safety to both operator and machine, plus 
maximum blade life, seem like value enough 
from this remarkable blade. However, these 
MARVEL Blades give you even more, for they 
will cut faster, with greater accuracy because 
they can be safely tensioned more taut in your 
machine than ordinary ‘breakable’ blades and 
are therefore more rigid to resist deflection. 


Cost? Unbreakable MARVEL High-Speed-Edge Hack Saw 
Blades are priced competitively. Use MARVEL Blades 
i tly with pl Fi: because they have 


no equal for value. Leading Industrial Distributors stock 
and sell MARVEL. Ask yours today. 
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to maintain and traverse a molten 
zone through metallic yttrium, and 
includes a brief discussion of zone 
refining mechanisms and their influ- 
ences on process selection. Equip- 
ment design, including power source, 
coil design, vacuum system, and 
vacuum measurement, are also cov- 


ered. 


Separation of Sulfides by Vacuum 
Distillation 
by G. N. Banks, R. A. Campbell 
and R. R. Rogers 


For this work, the authors investi- 
gated the separation (by vacuum 
distillation) of lead and zinc com- 
pounds contained in complex sulfide 
ore concentrates, studying the effects 
of temperature, pressure and heating 
time. According to the results, lead- 
free residues could be obtained from 
a lead-zinc-copper-iron concentrate, 
and also from a zinc concentrate. 
In both instances, the zinc which 
remained in the residue could be 
removed by redistilling at a higher 
temperature. 


The Status of Vacuum Methods of 
Gas Analysis for Oxygen, Nitrogen 
and Hydrogen in Metals 


by N. A. Gokcen 


This paper concerns improve- 
ments and limitations in current 
methods of analysis of oxygen, nitro- 
gen and hydrogen in metals and 
alloys by the vacuum technique. 
In disc issing the accuracy of results, 
the author describes methods for 
preparing highly accurate samples 
for standards. 


Brazing and Heat Treating 
in Vacuum 


by R. F. Gunow 


Two classes of vacuum furnaces 
have been developed for brazing and 
heat treating —the “hot-wall” and 
“cold-wall” types. In conjunction 
with these, engineers have devised 
new brazing alloys for vacuum proc- 
essing. Many complicated parts can 
now be produced with vacuum braz- 
ing techniques, including high-tem- 
perature heat exchangers, turbine 
assemblies, and nuclear fuel ele- 
ments. 


New Developments in Oil Diffusion 
Pump Design for Vacuum 
Metallurgy 


by M. H. Hablanian 


The performances of diffusion 
pumps have been significantly im- 
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Stress-Corrosion 
Cracking 
a Problem? 


...lest HAYNES Alloys 


Hignty stressed, in boiling 42 per cent magnesium 
chloride, for 800 hours! That’s what a sample of 
HASTELLOY alloy F underwent in a test . . . without 
cracking! Similar success followed a long immersion of 
stressed alloy F in 50 per cent lithium chloride at 
325 deg. F. 

These and countless other equally tough tests point 
up the remarkable resistance of HASTELLOY alloy F to 
stress-corrosion cracking in chloride solutions: If stress- 
corrosion cracking is your problem, let HAsTELLoy 
alloy F solve it. 

HASTELLOY alloy F is one of nine HAYNEs corrosion- 
resistant alloys developed over a 30-year span of in- 
tensive concentration on corrosion problems and metals 
that best resist them. Now you can capitalize on these 
years of experience. 

Send for test samples — Let us help you. Just write 
us a letter telling as much as possible about the cor- 
rosive conditions involved. If you would like more 
information about the properties and corrosion re- 
sistance of HASTELLOY alloy F, ask for a copy of our 
12-page booklet. Address inquiries to Haynes Stellite 
Company, 270 Park Avenue, New York 17, N. Y. 


ES 


Division of 
Union Carbide Corporatior 
Kokomo, Indiana 


“Haynes,” “Hastelloy,”’ and ‘Union Carbide” 
are registered trade marks of Union Carbide Corporation. 
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This mark tells you a product 
is made of modern, dependable Steel. 


How a 

“specially tailored” strip 
reduces production rejects 
almost 25% for Kromex 


Kromex, Inc., Cleveland, Ohio, turns out a com- 
plete line of pantry ware, but they were having 
trouble with a square, mirror-finish chromium- 
plated cake cover that was made with a single 
deep draw. Rejection rate was a stunning 25%. 
They first tried a No. 3 finish for this applica- 
tion, but because of the very deep draw and the 
dense and smooth surface, satisfactory lubrica- 
tion was near impossible. The result: Excessive 
draw marks and breakage. A regular No. 2 finish 
was then tried. The draw was successful. But 
buffing and finishing costs were prohibitive for 
this application. 

American Steel and Wire salesmen conferred 
with our Metallurgical Department and sug- 
gested a specially tailored No. 3 finish. Reject rate 
dropped to less than 1% because the special 
surface was able to hold lubricant evenly, but 
smooth enough to draw and plate flawlessly. 

Kromex is one more example of how strip, 
tailored to end use, works to produce a better 
product at lower cost. When you buy strip, you're 
buying a specific chemistry, temper, dimension, 
edge and finish that is consistently uniform 
within the coil or from coil to coil. Certain of 
your processing steps may actually be eliminated 
by using cold rolled strip, produced in our mills, 
and tailor-made for your specific end use. 

Take a hard look at your production line and 
let our salesmen and metallurgical people look 
too. There’s a good chance you can improve 
quality and cut production costs at the same 
time with tailored-to-the-job cold rolled strip 
from American Steel and Wire. American Steel 
and Wire Division, Rockefeller Bldg., Cleveland 
13, Ohio. USS and American are registered trademarks. 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Alabama, Southern Distributors 
United States Steel Export Company, Distributors Abroad 
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proved in recent years according to 
this paper, which presents latest de- 
velopments in pump design. In dis- 
cussing them, the author considers 
problems involving design of high 
vacuum systems for metallurgical 
processing, and cites specific exam- 
ples in which such systems are 
employed. 


Nuclear Fuel 
Reprocessing — Il 


Wednesday, October 25 — 2:00 p.m. 


Thorium Recycle Development 


by D. E. Ferguson, E. D. Arnold, 
O. C. Dean and W. S. Ernst, Jr. 


Engineers at Oak Ridge National 
Laboratory are devising better meth- 


yy )))))) 


yy 


The RZ Process utilizes the established and proven advantages 
of liquidous metallurgy to produce a spherica! ferrous powder 
designed to the critical applications of the powder metallurgy 
process. Easton RZ powders are available in the following grades: 


Molding grade powders “Sintrex” 

“3 rn HD electrolytic EA STON 

RZ 365_ M grade powders M ETA L 

RZ 365—P D—E—F 

RZ 365—S POWDER 
RZ—200 Cutting & 

RZ —4600 Alloy pita powders COMPAN Y 
powders Division of 


Types A—B—C 


American 


RZ—F 

meets inspection Custom powders A Mannex 
powders 
RZ—MIM 1. Preblends Corporation 
RZR—MIM 2. Customer 900 Line Street, Easton, Pa. 
RZB—MIM specifications Blackburn 8.6171 


Circle 1560 on Page 48-B 


ods for preparing and fabricating 
ThO, fuels. Because of the activity 
of the decay products of U*%? in 
U233 and Th?28 in thorium from 
power reactors, new fuel elements 
must be processed (from recycled 
fuel) by remote methods. Pure 
ThO, or mixed ThO.-UO, can be 
prepared by the sol-gel process and 
loaded into fuel element tubes by 
vibratory compaction. Eight cap- 
sules made by such techniques are 
now being irradiated in the NRX for 
future testing. 


Scientific Developments Connected 
to the Eurochemic Reprocessing 
Project 


by R. E. Rometsch 


The characteristics of the Euro- 
chemic processing plant reflect many 
different demands. For example, 
since the plant is expected to prove 
the feasibility of multipurpose re- 
processing by accepting a wide 
range of various fuel elements, it 
must be conceived as a pilot plant. 
Yet it should also guarantee a certain 
production capacity and, last but not 
least, provide economic data with 
sufficient precision to allow extrapo- 
lation to a high-capacity plant. The 
author also plans to discuss several 
problems in experimental research. 


Reprocessing Fast Reactor Fuels 
at Dounreay 


by D. M. Donaldson, K. Hartley, 
P. Lees and N. Parkinson 


In England, engineers are devel- 
oping a fast breeder reactor system 
powered by compounds: fuels under 
consideration include oxides, cer- 
mets and carbides. Reprocessing 
work has been directed towards 
“head-end” processes for preparing 
fuel solutions which can be reproc- 
essed by available units, and to a 
study of problems arising from the 
processing of fuels containing 15 to 
50% Pu. Much processing informa- 
tion is given in this report. 


Recent Developments in the 
Processing of Nuclear Fuels by 
Ion Exchange 


by D. B. James and E. L. 
Christensen 


This report, which reviews ion- 
exchange processes for thorium, ura- 
nium and plutonium, presents a 
qualitative discussion of the driving 
forces that produce separations. 
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a representative call. 
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The Corrosion of Containment 
Materials by Molten Zinc and 
Cadmium Alloys 
by J. DeKany, H. Lavendel 
and L. Burris 


A corrosion program was under- 
taken to find materials which would 
contain liquid zine, cadmium, mag- 
nesium and _ their combinations. 
(These systems are encountered in 
developing processes for recovering 
uranium and plutonium from spent 
reactor fuels.) First, all potentially 


usable materials were screened by 
the 100-hr. static capsule tests; then, 
promising materials were subjected 
to the 1000-hr. dynamic capsule 
tests, or used in forced or thermal 
convection loops. 

These tests have shown that mol- 
ten cadmium alloys may be satis- 
factorily contained in mild steel or 
nickel-free ferrous alloys under static 
and dynamic conditions up to at 
least 550° C. (1020° F.) and prob- 
ably somewhat higher. At 700°C. 
(1300° F.), however, these steels are 
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attacked by molten cadmium. For 
resisting molten zinc up to around 
800° C. (1470° F.), only tungsten, 
tantalum, and molybdenum showed 
substantial resistance to attack, 
tungsten being completely inert. 
Alumina, silicon carbide, silicon 
nitride, zirconium, Vycor, and graph- 
ite were unaffected by zinc at 
750°C. (1300°F.) except when 
magnesium was present. Then, 
Vycor and silicon nitride were se- 
verely corroded. 


The Corrosion of Materials of 
Construction for Multipurpose 
Head-End Equipment in Proposed 
Fuel Reprocessing Schemes 

by W. E. Clark 


The necessity for reprocessing a 
wide variety of experimental nuclear 
fuels has created interest in develop- 
ing multipurpose processing schemes. 
This paper considers the corrosion 
problems in multipurpose aqueous 
head-end processes for stainless steel 
and zirconium fuel types, comparing 
them with those in certain com- 
bustion and fused salt processes. 
Corrosion data, presented for com- 
petitive aqueous processes, are also 
compared with those for the fused 
salt-volatility process, and areas re- 
quiring future corrosion work are 
outlined. 


Selected Research 
Abstracts 


Dislocations and 
Their Interactions 


Monday, October 23 — 2:00 p.m. 


Fast Moving Edge Dislocations on 
the (110) Plane in Anisotropic 
Body-Centered Cubic Crystals 

by J. Weertman 


The author has obtained the 
elastic displacement field around a 
uniformly moving edge dislocation 
for the situation where the disloca- 
tion glides on a (110) plane in a 
<111> direction in an anisotropic 
body-centered cubic crystal, and de- 
termined a general solution which 
involves elastic displacements in all 
three coordinate directions. An 
equation is given for the Rayleigh 
wave velocity at which the shear 
stress on the slip plane of a moving 
dislocation is zero. Dislocations of 
like sign moving faster than this 
velocity attract rather than repel 
each other. 
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Fast Moving Edge Dislocations 
in Alpha Iron 
by J. Cotner and J. Weertman 


The authors have calculated the 
shear stress on the slip plane of an 
edge dislocation moving uniformly 
in the alpha iron lattice. They have 
found that the shear stress ap- 
proaches zero at the Rayleigh wave 
velocity, 0.92c, where c is the shear 
velocity in the <111> direction. 
In the velocity range between 0.92c 
and 0.94c (the limiting velocity of 
dislocation motion), dislocations of 
like sign attract one another. 


On the Nature of Dislocations 
Which Cause Nonbasal Slip 
in H.C.P. Metals 
by H. S. Rosenbaum and 
M. L. Kronberg 


While cadmium, zinc, and magne- 
sium crystals slip mainly on the basal 
plane, metals with lower c/a ratios 
(titanium, zirconium, and beryllium, 
for example) slip mainly on nonbasal 
planes. Furthermore, even cad- 
mium, zinc and magnesium crystals 
can be made to slip on nonbasal 
planes if they are suitably stressed. 
This report is concerned with the 
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geometric nature of the dislocations 
which cause nonbasal slip; a hard 
sphere model is used to describe the 
atom movements required to pro- 
duce slip. 


Solution Hardening 
by Robert L. Fleischer 


Solution hardening is considered 
for the situation of elastic interaction 
between a dislocation and a random 
solid solution. The author proposes 
that the major elastic interaction of 
a dislocation with a solute atom oc- 
curs because the atom has a shear 
modulus which differs from that of 
the matrix, so that individual atoms 
may be represented by elastic 
“spots” which are hard or soft. For 
edge dislocations, this effect is con- 
sidered comparable to that due to 
atomic size misfit. In addition, since 
the modulus effect provides an inter- 
action with the shear portion of the 
strain field of a dislocation, screw as 
well as edge dislocation will be op- 
posed. It is also noted that impu- 
rity pinning of all dislocations (not 
merely edge dislocations) will arise 
from modulus differences; thus yield 
points are to be expected. 


The Formation of 
Point Defects 
During Deformation 
by H. K. Birnbaum 


This paper concerns the genera- 
tion of point defects during plastic 
deformation of copper, and _ their 
subsequent interaction with disloca- 
tions. Within the test temperature 
range, 77 to 373° K (—320 to 100° 
F.), two types of point defects (the 
interstitial and the vacancy, accord- 
ing to analysis) were observed to 
anneal. Both defects interacted with 
dislocations to give rise to a small 
yield effect and an increase in the 
elastic modulus. Analysis of the 
aging kinetics indicated that the data 
were consistent with a model of the 
point defect annealing in which the 
defects diffused to dislocation lines 
and along the dislocations to sinks. 


Density and Distribution 
of Dislocations in Copper Crystals 
Deformed in Tension 
by J. D. Livingston 


In single crystals of pure copper 
deformed in tension, four different 
tensile axis orientations have been 
studied. Occasionally, deformation 
was interrupted to measure disloca- 
tion density by etching techniques 
capable of revealing dislocations. 
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The author discusses his observa- 
tions as related to current theories 
of deformation and work hardening 
of face-centered cubic metal crystals. 


X-Ray Diffraction Micrographic 
Observations Dealing With 
Nature and Origin of Dislocations 
in “Pure” Zinc Monocrystals 
Solidified From the Melt 
by R. W. Armstrong and 
J. M. Schultz 


Randomly oriented and specially 
oriented single crystals of zinc have 


been examined with x-rays to obtain 
evidence concerning the nature and 
properties of the initial distribution 
of dislocations which exist within 
the solid. This study deals with: 
(a) The characteristics of dense pat- 
terns of dislocation lines grown into 
the crystals, and (b) the observation 
of dislocation rings, spiral loops, and 
slip dislocations. As for results, 
though an individual line of the 
x-ray fine structure may sometimes 
represent an individual dislocation, 
in numerous other instances an in- 
dividual line represents a small 
group of parallel dislocations. The 
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authors discuss these line observa- 
tion in detail. 


Application of the 
Berg-Barrett X-Ray Technique 
to “Seeing” Dislocations in Zinc 
by J. M. Schultz and 
R. W. Armstrong 


The authors, in reporting on an 
x-ray diffraction ——— study 
of single crystals of zinc, have asso- 
ciated the fine line structure of the 
x-ray diffraction spots with the in- 
trinsic character and properties of 
individual or small groups of parallel 
dislocations rather than with anom- 
alous x-ray effects, impurity effects, 
or crystal surface effects. Their rea- 
soning is carefully analyzed in this 


paper. 


Dislocation Mobility in Magnesium 
by G. S. Ansell, M. J. Roblin and 
R. S. Goodrich 


The authors report the use of se- 
quential photographs to get stress- 
velocity measurements for both edge 
and screw dislocations in magnesium 
by transmission electron microscopy. 
To compare these velocities with 
those measured by the etchpit tech- 
nique, dislocations ending at a free 
surface were also studied. Although 
stationary, these dislocations were 
heavily bowed indicating that a large 
surface drag force existed. Thus, 
according to the authors, it would 
appear that the stress for dislocation 
mobility measured by the etch pit 
technique is consistently higher than 
the actual stress required for disloca- 
tion motion in the bulk material. Ob- 
servations of “Taylor locking”, for- 
est-type intersection, and an edge- 
screw interaction were also made. 


Studies of Dislocation Density 
and Deformation in Single Crystals 
of Lead Sulfide as a Function 
of Stoichiometry 
by Wilbur Franklin and 
J. B. Wagner, Jr. 


Some properties of the partially 
polar semiconductor compound, lead 
sulfide, were ineutigeed as a func- 
tion of the deviation from the 
stoichiometric composition. In un- 
doped and silver-doped single crys- 
tals, the authors noted a very small, 
but reproducible, variation in dis- 
location density with deviation from 
stoichiometry. also investi- 
gated the critical stress to initiate 
glide by pushing a prism of material 
through cleaved samples having 
(100) cleavage faces; crystals having 
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greater defect concentrations (that 
is, excess lead or excess sulfur) re- 
quired greater stress to deform than 
specimens near the stoichiometric 
composition. 


The Investigation of Fatigue 
in Metals by Means of 
Etch Pits at Dislocation Sites 
by A. H. King 


New chemical etching techniques 
permit dislocation arrangements and 
movements to be observed while 
under an applied stress in single 
crystals of copper. At appropriate 
crystal orientations, it appears pos- 
sible to distinguish between positive 
and negative edge dislocations. 
These techniques have also been 
used to compare dislocation move- 
ments during the early stages of 
fatigue in bending in copper and 
copper alloys of known stacking 
fault energy. 


Work Hardening 
and Strengthening 
Mechanics 


Wednesday, October 25 — 9:00 a.m. 


Work Hardening Mechanism 
in Polycrystalline Columbium 
by D. P. Gregory and G. H. Rowe 


When pure, the body-centered 
cubic refractory metals work harden 
at relatively low rates. Since this is 
undesirable (a lack of work hard- 
ening results in structural instabil- 
ity), the authors studied dislocation 
mechanism which lead to work hard- 
ening in body-centered cubic metals. 
In this report, they present results 
of activation energy, activation vol- 
ume, surface slip marking, and trans- 
mission electron microscope studies 
with pure polycrystalline colum- 
bium. The surface marking and 
transmission electron microscope 
studies showed where the discloca- 
tions in individual crystals were lo- 
cated (as free dislocations, in 
subboundaries, in Frank nets, in 
tangled networks, or associated with 
precipitates), and how the disloca- 
tion density was distributed between 
these various locations as a function 
of strain, temperature, crystal orien- 
tation, and strain rate. 


Strengthening Mechanism 
and Alloying Theory 
for Body-Centered Cubic Metals 
by D. P. Gregory and G. H. Rowe 


Basically, there are three mecha- 


nisms for strengthening pure metals 
by alloying. The first involves pin- 
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Abstracts . . . 


ning the dislocations so that they 
either cannot move at all, or, if the 
do move, a frictional drag will result 
from the movement. The second 
mechanism places barriers in the 
path of moving dislocations so that 
they must bend, climb, or cross slip 
to pass the barriers. The third 
mechanism concerns alloying to slow 
dislocation climb rates. 

Recently, transmission electron 
microscopy has been used to study 
the strengthening mechanisms in 
numerous alloys. Since many of 
these mechanisms have been identi- 
fied by these studies, the authors 
discuss them and apply the prin- 
ciples to alloy design. They will 
show that optimum low-temperature 
tensile al elevated-temperature 
creep properties (obtained when 
these metals are alloyed) employ 
two or all three of the general mech- 
anisms. Temperature stability and 
temperature potential of the various 
mechanisms will be discussed. 


Latent Hardening Experiments 
and Work-Hardening Theories 
by U. F. Kocks 


The influence of the operation of 
one glide system upon the subse- 
quent operation of another (on an 
intersecting plane) was investigated 
by two methods: uniaxial compres- 
sion of a cube in two directions, and 
combined torsion and compression 
(in varying ratios) of thin-walled 
prismatic (square or hexagonal) sin- 
gle crystals. The author stresses the 
exact relationship of the two systems 
as well as the implication of these 
results on existing work-hardening 
theories. 


Strain Hardening of Zinc Crystals 
in Alternating 
Tension and Compression 


by T. H. Alden 


To determine the nature of the 
strain hardening, the author tested 
single crystals of zinc of several 
orientations in alternating tension 
and compression to a plastic shear 
strain amplitude of 1%, and plotted 
curves of the stress amplitude versus 
the accumulated plastic strain. 

The behavior at —52° C. (—60° F.) 
differs from that of copper, tested 
under similar conditions, by the rela- 
tively high stresses to which hard- 
ening remains linear. Continued 
linear hardening reflects the diffi- 
culty of dynamic recovery in zinc by 
the mechanism of cross slip. An ap- 


“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all “Rockwell 
Testing”. Clark’s exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10203 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 

All information about hardness test- 

ing in easy-to-read text with many ge 
illustrations. Just write “Send 2 
Book” on your letterhead. De- 

scription and prices for Clark 

Hardness Tester and free 

Hardness Conversion Chart 

also available on request. 


"10203 FORD ROAD 


Missile-Age Accuracy 
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SYLVANIA FIRES POINT-BLANK 


... at transforming research for the military into tools for industry 


At 4600°F. gold turns to liquid. Chromium boils. Silver 
vaporizes. But molybdenum stays solid. 

At Sylvania, such high temperatures help our scientists 
turn defense research on tungsten and molybdenum into 
practical answers for industry. 

For instance, not long ago we devised a new method in 
which refractory metals are produced as powder of con- 
trolled particle size. This powder is isostatically pressed 
at high pressure and then sintered at high temperatures. 
Result ? Ingots, bars—even intricate shapes—can be pro- 


duced more efficiently, with more uniform compaction. 
Why not take a good look at refractory metals to answer 
your needs. The identical properties that solve the prob- 
lems of throat inserts for rockets and missiles can pay 
you dividends in die-casting dies and cores, hot-work 
tools, molds, and in many other ways. 

Want the full story? Or experienced technical help in 
proving out your special ideas? Write Chemical & 
Metallurgical Division, Sylvania Electric Products Inc., 
Towanda, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS es) 
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DELIVERS ALL THREE 
FOR UNLIMITED USES! 


Precise quality control — the most 
important function of any 
hardness test, is one of the many 
reasons users depend on the King 
Portable! Together with the King 
Brinell Scope, the King Portable 
provides quick readings on almost 
any size or shape of metal in 
practically any location! 
Economical too, because one test 
head can be used in many 
inexpensive adapters. 

Get complete information now 
by writing for literature, prices 

and a demonstration. 


TESTER CORP. 


Hamilton at 13th Street 
Known the world over for accuracy and de- 


PHILADELPHIA 23, PA. 
pendability « Representatives in principal cities 


Certain areas open for representatives { 
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THICKNESSES UP TO .125” 


WIDTHS UP TO 16-1/4” 


You Get Spring Steels 
WIDER...In Any Thickness 
from UDDEHOLM 


Obtain prompt delivery from ware- 
house stocks, of popular grades such 
as Blue Tempered - Annealed, in widths 
from 4%” to 16%” — thicknesses from 
-001” to .125”, as shown in the graph. 
UDDEHOLM SWEDISH Spring Steels 


have extra built-in advantages — excel- 
lent flatness and finish, close tolerances, 
uniform hardness and analysis, longer 
fatigue life! Modern edge-finishing and 
slitting facilities satisfy your needs 
exactly! 


Write today for your Spring Steel Catalog-Stocklist. 


Toot & DIE STEELS 
COLD ROLLED SPR 
STEELS 


UDDEHOLM AMERICA 


155 East 44th St., New York 17, N. ¥., MUrray Hill 7-4575 
ING Uddeholm Steels—used by American Industry since 1820 


Branch Offices & Warehouses — Chicago, !i!.— Cleveland. O — Detroit, Mich.—Los Angeles, Calif. — 
Newington, Conn.— Philadelphia, Pa.—in Canada—Uddehoim (Canada) Ltd., Montreal — Toronto 
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proximate nonhardening plastic 
strain condition, suitable for fatigue 
fracture, cannot be established. In- 
stead, failure occurs by an alternate 
mode (in this instance, cleavage). 
These conclusions agree with the ob- 
served difficulty of fatigue fracture 
in zine at low temperatures. 


Fine Particle Effect 
in Dispersion Strengthening 
by G. S. Ansell 


Most of the theoretical treatments 
of the effect of a dispersed second 
phase upon the yield strength of dis- 
persion strengthened alloys have 
predicted a relationship of mean free 
path between dispersed particles to 
yield strength. Recently, however, 
investigations of alloys consisting of 
very fine spherical particles of iron 
dispersed in a mercury matrix have 
shown a strengthening effect which 
appears incompatible with these 
theories. 

This paper concerns the yielding 
behavior of alloys containing par- 
ticles where the radius of curvature 
is so small that the array of disloca- 
tions can no longer be considered 
straight. Calculations based upon 
this “fine-particle dispersion” model 
show that the yielding behavior of 
these alloys is only a function of the 
volume fraction of the dispersed 
phase. Consideration of this effect 
appears to account for the change of 
yielding behavior observed during 
aging of precipitation-strengthened 
alloys. 


Phase Relationships 
and Thermodynamics 


Wednesday, October 25 — 2:00 p.m. 


An X-Ray Investigation 
of Alloys of Technetium 99 
With Some Transition Elements 
of First and Third Long Periods 
by J. B. Darby, Jr., D. J. Lam, 
J. W. Downey and L. J. Norton 


Little information is available on 
constitution diagrams involving tech- 
netium since this element does not 
occur naturally. It can pro- 
duced, however, as a fission product 
in the reprocessing of nuclear fuel 
elements. Recently, sufficient quanti- 
ties of the stable isotope technetium 
99 have become available to permit 
the use of conventional techniques 
for determining phase diagram 
studies of radioactive materials. 

An extensive investigation is in 
progress to determine the solid-solu- 
tion ranges and the occurrence of 
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SERVICE COMES FIRST @ DON'T SETTLE FOR LESS e WHAT DOES R&D MEAN TO YOU? e 
SO YOU WANT IT TODAY @ HE HAS TO LIKE A 24-HOUR WORKING DAY e DID YOU SAY SERVICE? @ 


we've said 
our piece about 
VCA service 


VCA “SERVICE COMES FIRST” CONTEST 


You've seen the ads. You've read the 
story of VCA's “extra-value-through- 
extra-service” policy. You're aware of the 
importance to the industry and to your 
company of VCA's fully integrated oper- 
ation, R&D program, complete product 
line, strategically located plants, and all 
the other things we've discussed. But 
there's one thing the ads couldn't cover 
..-how VCA Service has helped you spe- 
cifically. So, we're running a contest...a 
contest to get you to tell us. 


Who Can Enter. The VCA “SERVICE 
COMES FIRST" CONTEST is open to 
anyone who has benefited from VCA 
service...researchers, PA's, production 
men, engineers, melters, even presidents. 


How To Enter. Simply write a letter de- 
scribing how VCA SERVICE has at some 
time or other helped you or your com- 
pany solve a problem, cut costs, do a 
better job or make a better product. Tell 
us how, why, when, where, and for whom. 
Letters may be handwritten or typed, 
and may be of any reasonable length. 


OCTOBER 1961 


Sketches, photographs or other support- 
ing evidence may be included. 


Prizes. 

Ist. FIVE — $100 U. S. Gov. Bonds, 
Series E 

$50 U. S. Gov. Bonds, 
Series E 

$25 U. S. Gov. Bonds, 
Series E 


2nd. FIVE — 
3rd. FIVE — 


Additional Prizes. 
4th. $100 U. S. Gov. Bond, Series E 
5th. $50 U. S. Gov. Bond, Series E 
6th. $25 U. S. Gov. Bond, Series E 
7th. $25 U. S. Gov. Bond, Series E 
8th. $25 U. S. Gov. Bond, Series E 
9th. $25 U.S. Gov. Bond, Series E 

10th. $25 U. S. Gov. Bond, Series E 


Bonus Prizes. 

100 Stainless Pens for first 100 letters re- 
ceived. In the case of a tie, judges ‘will 
award duplicate prizes. 


Judges. The VCA “SERVICE COMES 
FIRST’ CONTEST will be judged by a 
distinguished panel chosen from edi- 
torial, university, association and industry 
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sources. Names will be announced at a 
later date. 

Get More Information at the METALS 
SHOW. "SERVICE COMES FIRST” will 
be the theme of VCA's booth at the 
Metals Show. For more information about 
the contest, visit VCA Booth No. 338 at 
the show, being held this year in Detroit, 
Mich., October 23-27. 

Closing Date. Entries must be mailed to 
VCA “SERVICE COMES FIRST” CONTEST 
Vanadium Corporation of America 
420 Lexington Ave., New York 17, N. Y. 
and postmarked no later than November 
20, 1961. Entries become the property of 

VCA and cannot be returned. 

Winners will be announced on Decem- 
ber 20, 1961. Bonds will be registered in 
the winners’ names and forwarded im- 
mediately. 


DON'T DELAY...ENTER TODAY 
UME 
CORPORATION OF AMERICA ; 


420 Lexington Avenue, New York 17, N. Y. — 
Chicago + Cleveland « Detroit Pittsburgh 
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Radiant Tube 


Fabrications 


Alloy produces heating and cooling 
tubes and tube assemblies from any 
heat or corrosion resistant metal. 
Tubes are produced from thin wall 20 


gauge up to 3/16-in. and heavier wall. z 
Pressed or spun bends are furnished anc 
to meet your requirements. Tube & 
Produced to your specs . . . or Alloy- 5 
11 gauge 
engineered to your needs. Write today! a 
309 S.S. 


ENGINEERING COMPANY 
70 Sheldon Road / Berea, Ohio 
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available. 


Standard Brinell 
testing machines. 
Direct reading, long 
stroke, and many 
other modifications 


Special Models Too! 


Hydraulically powered 3/16- 
inch capacity sheet metal 
testers have up to 30,000-Ib. 
load. 


FOR THE 


BEST BUY MACHINES 


Hand-operated portable 
tensile tester has 4,000 Ib. 
capacity. Hydraulic bench 
models have up to 40,000- 
lb. capacity. 


DETROIT TESTING 


MACHINE COMPANY 


9384 Grinnell Avenue, Detroit 13, Michigan om. 


See us at Booth 806 at the Metal Show in Detroit. 
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intermetallic compounds in binary 
systems with technetium 99 as a 
component and a transition element 
of the first or third long periods as 
the other component. To date, the 
results indicate that technetium be- 
haves very much like the other mem- 
bers of the manganese group when 
alloyed with transition elements. 


Solubility and Precipitation 
of Boron Nitride in 
Iron-Boron Alloys 
by R. W. Fountain and 
John Chipman 


This study concerns the conditions 
under which BN forms from dis- 
solved boron and nitrogen and from 
dissolved nitrogen and the com- 
pound Fe.B. From the results, the 
two-phase equilibrium _ between 
alpha iron and BN has been estab- 
lished, along with the three-phase 
equilibrium between alpha iron, BN, 
and Fe.B between 950 and 1150° 
C. (1740 and 2100° F.). The au- 
thors also discuss the application of 
these results to the influence of 
boron on the resistance of low-car- 
bon steel to strain aging and the 
hardenability of heat treatable steels. 


& Deformation — I 


Wednesday, October 25 — 2:00 p.m. 


Effects of Thermal Mechanical 
Treatments on Faulting 
in Some F.C.C. Alloys 

by D. E. Mikkola and J. B. Cohen 


Deformation twin faults were 
found in Cu,Au and 14.3% Al cop- 
per alloys deformed at room temper- 
ature as well as at low temperatures. 
The concentration of both twin and 
stacking faults increased with de- 
creasing temperature of cold work. 
Since the ratio of twin to stacking 
faults was about two in both alloys 
after deformation below room tem- 
perature, it appeared that the mech- 
anisms for the two faults were 
associated. 

When filings of the 14.3% Al cop- 
per alloy were heated, stacking 
faults annealed out in two stages. 
The first stage was characterized by 
a decrease in fault probability after 
a short time at temperature, after 
which no change was observed for 
long times. Most of the faults an- 
nealed out in the second stage; large 
changes in hardness and microstrain 
indicated that this latter stage was 
associated with  recrystallization. 
Twin faults were more stable than 
stacking faults. 
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POTOMAC THE 
FASTEST GROWING DIE STEEL 
THE DIE CASTING INDUSTRY 


@ Product yas characteristics and properties you require 
in a die block . . . the machinability, stability, response to 
heat treatment . . . the right grade for your job. 


Facilities—unmatched, by anyone, anywhere . . . production 
equipment specifically designed for the job at hand. 


Availability—stock on the shelf, finished and ready for you . . . and 
job-shop delivery schedules, the industry’s most dependable. 


. 
a 
3702-1 


PRODUCT 
QUALITY 


through wae ically created, and specifically processed for you . . 


..-A-L’s 2,000 Ton Forging Press 


Production equipment specially de- 
signed for the job at hand is part of 
the story. The direct pumping facil- 
ity and fast, closely controlled action 
of A-L’s unique forging equipment 
permits greater reductions in area 
from ingot to billet in a single heat- 
ing, and results in complete ingot 
reduction in a relatively short time, 
with fewer reheats necessary. Cou- 
pled with A-L’s ability to produce 
ingots up to 40’, of superior quality 
as-cast, the capacity of this press to 
rapidly and completely work such in- 
got grain structure inevitably results 
in an exceptionally high center qual- 
ity in the billet, together with a re- 
fined grain structure more responsive 
to heat treatment. Substantially im- 
proved mechanical properties are 
obtained in the forged die blocks, 
with particular improvement in 
transverse tensile strength and 
ductility. 


Die quality clear to the center . . . upset forging quality . . . and in 
pressed billet stock! That’s what puts Potomac M .. . A-L’s H-13 
Die Steel . . . in a class by itself. And that’s the kind of quality 
that’s absolutely mandatory for the intricate interior patterns in 
today’s complex diecasting dies. 

Quality like this has been associated with Allegheny Ludlum Die 
Steels over the past 20 years, during a period when die blocks were 
generally running less than 1200 pounds. Holding rigid specifica- 
tions on ultrasonic soundness, grain size, and response to heat 
treatment in blocks of this size was one thing. Offering consistently 
higher quality in much larger die blocks . .. more and more the rule 


these days . . . is something else again. 

But, Allegheny Ludlum has become the specialist in doing just a 
that . . . in providing these massive chunks of steel with the same 
center quality, machinability, and mechanical properties generally 7 


associated with much smaller sections. 


And here’s what it means to you 

It means that Potomac M dies have greater strength in the 
transverse direction, and combine the ultimate in toughness with 
machinability and size stability. It means water cooling channels 
may be employed without the risk of cracking your dies due to 
thermal shock. It means better resistance to abrasion and soften- 
ing at elevated temperatures . . . and, greater resistance to wash 
and heat checking. Most important, it means Potomac M is specif- 
. the most 


practical and useful material for your diecasting needs. 
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...A-L’s Vacuum Degassing 


Potomac M Die Steel is vacuum 
degassed . . . as a matter of routine. 
Vacuum degassing results in a clean- 
er steel, without blemishes or sub- 
surface discontinuities . .. those 
imperfections which often reveal 
themselves in the die only after 
considerable machining has been 
done. Vacuum degassing produces a 
steel with lower oxygen and hydro- 
gen content, with greatly reduced 
tendency toward microcrack forma- 
tion, with fewer nonmetallic inclu- 
sions . . . a steel with better, more 
reliable mechanical properties clear 
through. 


..-A-L’s Special Melting 


For the unusual die applications re- 
quiring the ultimate in cleanliness 
and center quality, Allegheny 
Ludlum now offers its Consutrode® 
Potomac M. For requirements in- 
volving a super-finish die, the supe- 
rior cleanliness of this vacuum 
melted product assures the die maker 
of an unblemished working surface 
clear through the workpiece: Equally 
important, this vacuum melted steel 
provides an improved transverse 
ductility in large die blocks, particu- 
larly applicable to dies which require 
the ultimate in toughness and resist- 
ance to thermal shock. 


...A-L’s Machined Finish 


All bars and blocks in the larger 
sizes are milled to a finish that per- 
mits die layout right on the steel we 
ship. Finished closer to final size, 
there’s much less wasted metal to 
wind up as chips on the floor of your 
shop. Allegheny Ludlum Potomac M 
die blocks are delivered to you free 
from scale and decarburized surface 
areas, and ready for your diemakers. 


| 
—— - | 


Allegheny Ludlum’s Potomac M is part of the Steelector Program, 
a unique system which enables tool steel buyers to select the proper 
steel on the basis of intended application, and check on the avail- 
ability of the desired size and shape before any purchase decision 
is made or any paperwork issued. Individual Data Stock Lists for 
each Steelector Grade clearly set forth the size and shapes of bars 
and billets available from stock... sizes which will serve the 
requirements of all users. This is all finished stock . . . over 320,000 
pounds of Potomac M ... on the shelf, ready for you. And, it’s 
backed up by over 180,000 pounds of Potomac M billet stock, 
ready at the mill for finishing to your specifications, should the 
size, weight or shape of your order take it out of depot stock cate- 
gory. To learn how you can take advantage of this special stocking 
plan on tool and die steels, contact your local A-L Representative, 
and ask him about the Steelector Program and the job-shop avail- 
ability of special sizes, or write Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


Back-up stocks of ingots and billets insure job-shop deliv- _ Acorner of an Allegheny Ludium Warehouse, with port of the 
ery schedules on mill shipments. Here, Potomac M billet finished stocks of large Potomac M die blocks thot permit 
_ socks at the Dunkirk Plont of Allegheny Ludium await fin- _ gustomers to quote on short delivery jobs without expensive — 
ishing operations. a inventories. 


ALLEGHENY LUDLUM 


Tool Steel warehouse stocks throughout the country 
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Why you'll like 


being called liar 


Nobody will believe the results you get with 
the remarkable Hevi-Duty Tagliaferri furnaces 
... but you can laugh all the way to the bank! 


Lower costs, improved end products, 
and easy maintenance make Hevi- 
Duty Tagliaferri melters and re- 
ceivers well worth your immediate 
inspection. Now operating in more 
than 1100 installations throughout 
the world, these 60-cycle induction 
systems are making important con- 
tributions to the art of making 
money. 


HERE’S WHY YOU'LL 
LIKE THE MELTERS 


Scrap and foundry 
returns melted 
with less than 

1% loss 


You can produce metals of high 
quality and controlled analysis from 
materials of the lowest grade. For 
both ferrous and nonferrous applica- 
tions, these systems are available 
in capacities up to 30 tons. 


No products of 
combustion or 
impurities added 
during melt 


No products of combustion, sulphur 
or other impurities are added during 
melting or pouring. The furnaces 
are completely covered at all times 
and metal is poured from beneath 
the surface. 


Controlled stirring 
for even blending 
— added strength 


The electrical induction currents 
used to heat the charge also give a 
controlled stirring action which com- 
pletely homogenizes the melt. Con- 
trolled stirring also reduces porosity 
and produces fine-grained iron of 
high strength and good machina- 
bility. 


SEE THESE FURNACES 
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For nonferrous melting this con- 
trolled stirring results in a quiet bath 
with no turbulence at the metal sur- 
face. Oxidation and gas absorption 
are reduced. For brass melting, zinc 
losses are held to a minimum. 


Low power $8.66 
consumption for 
low operating costs 


$6.66 


The Hevi-Duty Tagliaferri induc- 
tion furnaces use electrical power 
efficiently. These furnaces have a 
higher uncorrected power factor 
than competitive induction units. 
Thermal efficiency is about 78%. 


Furnaces can start from cold — 
shells are interchangeable 


Melting furnaces start from cold. No 
hot metal is needed. When it is nec- 
essary to change alloy or to interrupt 
operation, furnaces can be emptied 
completely. 


Maintenance and cleaning 
are simplified 


The channels in the non-ferrous fur- 
naces are easy to inspect or clean; 
simply tilt the furnace forward and 
open the channel doors. A heel of 
molten metal can be left in the fur- 
nace during cleaning 

Relined furnace shells can be in- 
stalled without disconnecting elec- 
trical or hydraulic equipment. 


HERE’S WHY YOU'LL 
LIKE THE RECEIVERS 


Increased tensile 
strength after | 
20 minutes i 


Hevi-Duty Tagliaferri electric in- 
duction receivers take metal from 
the cupola and, in 20 to 30 minutes, 
homogenize it to produce iron of 
higher tensile strength. 


IN BOOTH 151 
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° 
Improved 
machinability 

Metal refined in these receivers is 
fine-grained with a uniform struc- 
ture resulting in good machinability. 


Fluidity of metal 

increased by receivers 

— lower pouring 

temperature possible 


Mold details fill more completely. 
Thinner sections can be cast success- 
fully. And, products can often be 
redesigned to use less metal. 


No loss of alloy 


Alloying is accomplished in Hevi- 
Duty Tagliaferri receivers without 
loss of alloys. Raw iron from the 
cupola can be held in the receiver 
and analysis carefully controlled. 
Holding is possible for as long as 
48 hours without analysis change. 


Temperature controlled closely 


Temperature can be adjusted with- 
in the receivers to best suit pouring 
conditions. Proper metallurgical an- 
alysis can be achieved. Steel scrap 
can be added to adjust the chemistry. 


Get the full details 


For information on Hevi-Duty Tag- 
liaferri systems contact your nearest 
Hevi-Duty sales engineer or write 
Hevi-Duty Electric Company, Wa- 
tertown, Wisconsin. Request Ferrous 
Bulletin 6051 — or Nonferrous Bul- 
letin 6052. 


_HEVI-DUTY | 

Electric and Fuel-Fired 

Industrial Furnaces and Ovens 

HEVI-DUTY 

ELECTRIC COMPANY 


WATERTOWN, WIS. 
A Division of Basic Products Corporation 
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Mr. SHOTT and Mr. GRITT 


“You and your movie camera are ruining 
our team's passing attack!” 


HOT AND GRIT 


GENUINE ELECTRIC FURNACE 
STEEL ABRASIVES 


ORIGINATORS OF CAST STEEL SHOT 
121 South Division Street, Ann Arbor, Michigan Phone: NOrmandy 3-8529 


J. A. Thompson, 
Manager, Stain- 
less and Stain- 
less-Clad sales, 
Ingersoll Steel 
Division, Borg- 
Warner Corpora- 
tion, with typical 
Stanwood heat 
treating equip- 
ment made from 
Ingersoll heat re- 
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gives longer life, greater strength, lighter weight 


The “bellows” effect of the sturdy, but lightweight corrugated 
rolled alloy absorbs thermal stresses as no other construction is 
able to do. Send for Stanwood’s Catalog No. 61 which explains all 
the advantages of Cor-Wal construction and shows many other 
Baskets, Trays, Fixtures, Boxes, Retorts and Furnace Parts in 
addition to those illustrated here. 


STANWOOD CORPORATION 


4817 W. Cortland Street g Chicago 39, Illinois 
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The Influence of Grain Size 
and Specimen Size 
on Unidirectional 
Polycrystal Plasticity 
by R. W. Armstrong 


The cumulative effects of speci- 
men size and grain size are responsi- 
ble for the increased strength of a 
polycrystalline aggregate above the 
single crystal strength at tempera- 
tures and strain rates where diffusion 
does not play a large part in the 
deformation. 

The “specimen size” effect occurs 
when few grains are present in a 
specimen cross section; this effect 
is due mainly to the orientation de- 
pendence of crystal plastic flow. 
The “grain size” effect occurs in 
polycrystalline materials because 
grain boundaries are obstacles to the 
initiation of bulk yielding and sub- 
sequent propagation of plastic flow. 


Micro-Strain Behavior 
of Aluminum 
by R. C. Ku and Norman Brown 


For this report, the authors in- 
vestigated the deformation of alumi- 
num single crystals and ve 
in the region of microyielding. The 
lowest stress at which dislocation 
movement could be detected was 
associated with the average fric- 
tional stress needed to move dislo- 
cations on the order of several to a 
thousand atomic distances. The 
stress at which a permanent strain 
was first detected was associated 
with the generation of dislocations, 
and the interaction of the moving 
dislocations with the forest disloca- 
tions. 


Deformation Twinning 
and Stacking Faults 
in Body-Centered Cubic 

Transition Metals and Alloys 

by E. E. Underwood 


For this report, the author studied 
the twinning characteristics of nine 
transition metals and fifteen alloys 
based on molybdenum, tungsten, 
and chromium. The actual hard- 
nesses of the alloys (and the twin- 
ning intensities) decrease in the 
order of the base metals, tungsten, 
molybdenum and chromium. Twin- 
ning apparently occurs with small 
strains, increases rapidly, with con- 
tinued straining, then levels off. For 
twins to develop, it appears that a 
small, finite strain is needed. 
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ACME IN ACTION 


Doing more work with 
Movement and Motion 


Here are eight good examples of Acme finishing machines in 
action—automatics and semi-automatics—performing grind- 
ing, deburring, polishing and/or buffing operations on a wide 
variety of parts and products. Yet different though they may 
be, all of these jobs—and countless others, too—have one thing 
in common: Because the machines are ““ACMES”’, the finishing 
operations are being performed quickly, easily, uniformly—and 
at lower cost than was realized with previous methods. 


How about your product finishing operations? Chances are 
they represent a substantial percentage of your manufacturing 
costs. And chances are, too, that Acme engineers can help you 
find ways to effect worthwhile savings. Whether your parts 
are large or small, simple or complex. Drawn, spun, extruded, 
die-cast, forged, or machined. And regardless, too, of what 
your production requirements may be! Why not send samples 
and job specifications today for analysis and recommendations? 
There’s no charge—no obligation, of course. 


SEE ACME IN ACTION 
AT THE METAL SHOW 


BOOTH No. 263 


COBO HALL « DETROIT 
OCTOBER 23-27,1961 


Semi-Automatics Rotary Automatics Straight Line Automatics Flat Surface Polishers 
Comprehensive catalogs available upon request. Write, wire or call: 


ACME MANUFACTURING COMPANY 


1400 E.9 Mile Road «+ Detroit 20 (Ferndale), Michigan + JOrdan 6-1550 
Leading Producers of Automatic Polishing, Buffing and Deburring Machines Since 1910 
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PRODUCTION’ TESTING 


RESEARCH DEVELOPMENT 


QUALITY CONTROL 


1, Production — For established 
production processes we will 
prepare dispersions to meet 


your specifications. 


2. Development — We will work 
directly with your engineers on 
development projects requiring 
specialized dispersions. 


3, Research — Our research staff 
is always available for consul- 
tation on new products, new 


processes and new applications. 


GRAPHITE PRODUCTS CORP. 


BROOKFIELD, OHIO 


4 
: TENSION — COMPRESSION — FLEXURE 
Designed for testing of pony 
h tile Cal-Test i st a reliable testing 
d widel d i junction with environmental test 
Meets ASTM. federal, Navy speci- LOAD RANGES 
fications. 
M The Cal-Tester is equipped with built-in safety features TH-5 1000#—5 0003 
preventing overtravel and overloading. Optional TH-10 2000#—10,000¢ 
‘ ilable t ovid tomatic, constant rat oa 
3. Send for free brochure. 
: CAL-TESTING MACHINE COMPANY 
. 3773 Selby Avenue, Los Angeles 34, California 
i Circle 1587 on Page 48-B 
Colloidal 
o10ida 
| Graphit 
e 
ispersions Here are a 
ay few uses of 
. 
can help you Colloidal Graphite Dispersions: 
; 3 WAYS: DIE LUBRICANT 


@ DRY FILM LUBRICANT 
@ IMPREGNATING COMPOUND 


@ HIGH TEMPERATURE 
LUBRICANT 
@ PARTING COMPOUND 


@ FORGING COMPOUND 


A quolified staff is available for prompt 
recommendations and quotations to meet 
your specifications or preliminary inquiries 
to our sales department. 
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Yielding and Flow 
of Sapphire Crystals 
by Hans Conrad 


The author investigated the plastic 
flow of sapphire crystals in tension 
at various temperatures and strain 
rates, and found that the stress- 
strain curves exhibited a_propor- 
tional limit, followed by discontinu- 
ous yielding and subsequent flow 
with strain hardening. The results 
supported Weertman’s dislocation 
climb mechanism as the rate-con- 
trolling mechanism for yielding as 
well as subsequent flow. 


Oxygen Precipitation Effects 
on the Deformation 

of Dislocation-Free Silicon 

by J. R. Patel and A. R. Chaudhuri 


Silicon crystals grown from quartz 
crucibles usually contain small 
amounts of oxygen. When speci- 
mens from such crystals are heat 
treated for prolonged periods, oxy- 
gen appears to precipitate forming 
a quartz-like structure. This pre- 
cipitation of oxygen affects tensile 
deformation characteristics in that it 
lessens the large yield drop normally 
observed in as-grown silicon crystals 
at high temperatures. Since the 
measured velocities of dislocations 
are not altered by heat treatment, 
precipitation may either increase the 
initial dislocation density of the crvs- 
tals, or provide nucleation sites for 
the generation of dislocations dur- 
ing deformation. 

In dislocation-free crystals of sili- 
con, precipitation increases the ini- 
tial dislocation density, the degree 
depending on the heat treatment 
time. For crystals that contain a 
few dislocations, oxygen precipita- 
tion provides active sites for the 
generation of dislocations during 
deformation. 


Diffusion 


Wednesday, October 25 — 
2:00 p.m. 


Thermal Diffusion 
of Vacancies in Pure Gold 
by P. G. Shewmon 


In an initially homogeneous alloy, 
the redistribution of solute that oc- 
curs on annealing in a temperature 
gradient is called thermal diffusion. 
For pure gold, the two diffusing 
species are gold atoms and vacancies. 
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. . . philosophers have said it — scientists 

and engineers have proved it. However, unusual 
product ideas often require unusual metals — 
metals that are corrosion resistant, abrasion 
resistant, hold dimensional stability at 


HiGy extreme temperatures, have high rigidity under 


To 


RESISTANCE 
HEAT 


load or possess high density. Vascoloy-Ramet 
ABR scion has the engineering capabilities and modern 
RESISTANT | manufacturing facilities to create metals with 
these or any other specific physical properties that 
your particular product may require. Over 
30-years experience in the development of carbides 
of the refractory metals and cast nonferrous 

alloys with unusual high-temperature 
characteristics are yours to draw from. Don’t let 
the selection of metals block your creative 

efforts. Send your requirements to 

V-R for dependable assistance. 

VascCOLOY-RAMET CORPORATION, 

860 Market Street, Waukegan, Illinois 


FRE FIRST CHOICE of more and more industries 


A-857 
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FOR ALL 
HEAT-DEPENDENT 
OPERATIONS 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures--plus or minus 1%. 


also available in 
pellet and liquid form 
Guide to Ferrous 


a16%"x 21" plastic-laminated 
wall chart in color. 


Send for sample pelets, stating 
temperatures of interest to you. 


CLAUD S. GORDON 


y of PneumoDynamics Corporation 


Tempil “Basic 


Subsidiar 
MANUFACTURERS + ENGINEERS + DISTRIBUTORS 


613 West 30th St., Chicago 16, Illinois 
2021 Hamilton Ave., Cleveland 14, Ohio 


In the present work, gold wires were 
held in a temperature gradient, and 
marker movement occurred indicat- 
ing a net flux of atoms toward the 
hot end. 


Interstitial Diffusion 
in Dilute Ternary Austenites 


by J. S. Kirkaldy and G. R. Purdy 


For the iron-rich ternary austenite, 


the interstitial carbon solute is very 
much more mobile than other sub- 
stitutional solutes. 
cerns the Onsager reciprocal rela- 
tions for the systems Fe-C-Si, Fe-C- 
Mn and Fe-C-Ni. 


This work con- 


Simulation of Banding in Steels 


by R. J. Brigham, J. von Destinon- 


Forstmann and J. S. Kirkaldy 


The authors, by constructing 


three-layer diffusion couples to sim- 
ulate the compositional variations 
which occur in commercial mild 
steels as a result of interdendritic 
segregation, have been able to ex- 
amine quantitatively the banding 
behavior in the ternary systems Fe- 
Si-C, Fe-Mn-C, Fe-Ni-C, Fe-Cr-C 


and Fe-P-C as to the intensity of 
carbon segregation which occurs 
both in the austenite range and dur- 
ing the subsequent austenite to fer- 
rite transformation. Their results 
confirmed that the segregation of 
carbon which occurs before transfor- 
mation is due to the equalization of 
the carbon activities. As expected 
from thermodynamic data, silicon, 
nickel and phosphorus-rich regions 
rejected carbon while manganese 
and chromium-rich regions attracted 
it. 


Self-Diffusion in Liquid Tin 
by R. A. Swalin and C. H. Ma 


The self-diffusion of tin in tin has 
been investigated over a wide tem- 
perature interval to examine the 
general validity of the fluctuation 
theory of diffusion. The diffusion 
constant was determined by the ap- 
propriate solution of Fick's second 
law. Upon plotting the data (as the 
logarithm of the diffusion constant 
against the reciprocal of absolute 
temperature), the authors noted that 
considerable positive curvature oc- 
curred at temperatures. 
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The Niagara Aero Heat Exchanger 
transfers the heat to atmospheric 
air by evaporative cooling. It ex- 
tends your quenching capacity 
without using extra water. It pays 
for itself with water savings. 


You can cool and hold accurately 


You Get Better Results 


HEAT TREATING! 


@ Use the NIAGARA AERO® HEAT 
EXCHANGER to control the temper- 
ature of your quench bath and you re- 
move the heat at its rate of input, always 
quenching at the exact temperature that 
will give your product the best physical 
properties. 


the temperature of all fluids, gases, 
air, water, oils, solutions, chemicals 
for processes and coolants for me- 
chanical and electrical equipment. 
You get closed system cooling, free 
from dirt and scale. 

Write for Bulletins 120, 124, 132 


NIAGARA BLOWER COMPANY 


Dept. MP-10, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of U. §. and Canada 
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SEE ALL TYPES 
DIE SETS 
AT THE SHOW 


PLAIN BEARING 


CAST IRON 


SEMI-STEEL 


ALL-STEEL 


Operating on Ball Bearing COMMERCIAL 


Bushings, with Aluminum AND 
Alloy Retainers, Lempco Die 


Sets deliver millions of PRECISION 
strokes, retaining phenome- GRADES 


nal precision of alignment, 
requiring only an occasional e 


dab of grease for lubrication. B LL F | 
NO OTHER DIE SETS ALL-BEARING 


HAVE LEMPCO FEATURES! AT THE 


Better look at those Lempco 
“M” and “L” style die sets, 
too; they’re all-steel yet sell 
for the price of cast iron. st «= @ 


Write today for Catalog and 


SHOW — DETROIT 
Oct. 23 thru 27 


BOOTH 114 
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Since curvatures have been reported 
for mercury and for indium, authors 
believe that the general features of 
the fluctuation model are valid. 


Diffusion of Sulfur 
in Single Crystals of Lead Sulfide 
as a Function of Stoichiometry 


by M. Seltzer and J. B. Wagner, Jr. 


The authors have studied the dif- 
fusion of radioactive sulfur into 


single crystals of lead sulfide as a 
function of deviation from stoichiom- 
etry, and defect concentration intro- 
duced by doping to determine the 
predominant mechanism by which 
the anion diffuses in this compound. 
Measurements have been made using 
crystals of stoichiometric composi- 
tion, and on others with excess sul- 
fur and excess lead atoms. The sul- 
fur-excess specimens showed the 
highest diffusivities in this tempera- 
ture range, while lowest diffusion co- 


For the rugged demands of 


world. 


Pictured is one of F & D's electrically-heated, con- 
trolled-atmosphere, roller hearth hardening fur- 
naces—a port of F & D's completely automated 
heat treating lines which were designed and built 
especially for the production of these parts, setting 
new records for high quality, high capacity perform- 
ance at low costs of operation hour after hour. 


For Further information, Call or Write... 


SRUTE STRENGTH 


CATERPILLAR chose... 


"CAT" equipment 
all parts must meet top quality standards. 
The track links pictured above play an important 


part in providing the “back bone” to Caterpillar 
Tractors used in heavy industries throughout the 


4 &D FURNACES 


more than 


GALVANIZING 
HARDENING 
HEAT TREATING 
NORMALIZING 
REHEATING 
— 
SLAB HEATERS 
Gas and Oil Fired © 


FLINN & DREFFEIN ENGINEERING CO. 


36 S. Wabash Ave., Chicago 3, Ill, Phone State 2-4070 
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efficients were obtained from the 
lead-excess specimens. 


Diffusion measurements have also 


been performed on specimens doped 
with 0.5 or 0.05 mole % Ag.S, or 


Bi.S,, which were annealed under 


the same conditions as those re- 


quired to obtain undoped stoichio- 
metric PbS crystals. 

These data appear to rule out the 
possibility that the negative ion dit- 
fuses by jumping into isolated nega- 
tive ion vacancies. The importance 
of neutral vacancy pairs as a mode 
for anion diffusion is considered. 


Deformation — Il 


Thursday, October 26 — 9:00 a.m. 


Mechanical Properties of NaCl- 
AgCl Alloys 


by R. J. Stokes and C. H. Li 


Both NaCl and AgCl possess rock 
salt structures with similar lattice 
parameters. However, single crystals 
of the pure salts show markedly dif- 
ferent mechanical behavior at room 
temperature; NaCl is ductile only 
when the surface is flaw-free while 
AgCl is always ductile. 

When single crystals of NaCl- 
AgCl alloys were tested in compres- 
sion, the authors observed that the 
curve of yield strength versus com- 
position followed a bell shape. In 
the 15% NaCl and 15% AgCl re- 
gions, strength increased rapidly to 
25,000 psi., a value which was main- 
tained between 25% and 75% NaCl. 
This high strength was caused by 
precipitation hardening. 


Some Observations of 
Yield Points in Aluminum 
at High Temperatures 


by R. H. Bush and R. A. Huggins 


Pronounced yield points have 
been observed for single crystals 
of high-purity aluminum tested in 
tension between 450 and 650°C 
(840 and 1200°F.). According to 
the results, the magnitude of the 
yield point depended on the test 
temperature, the extension rate, the 
amount and type of prior strain, and, 
indirectly, the sample orientation. 
The author, discusses the observed 
phenomena in terms of existing 
theories of yield point mechanisms. 
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VES, ; 3 CONSECUTIVE YEARS, AS USUAL, 


AS A MAIN EXHIBITOR OF HEAT RESISTING AND 
STAINLESS CASTINGS AND FABRICATIONS AT THE 


NATIONAL METAL EXPOSITION 


THERE IS NO SUBSTITUTE FOR EXPERIENCE : 


General Alloys Company is an engineering organization with 43 years experience in the design and manu- 
facture of heat resistant and stainless steel castings and fabrications. The design of high temperature tooling 
is our specialty. Consult our specially trained sales engineers in Booth 603 at the National Metal Show con- 
cerning your alloy problems. 


GENERAL ALLOYS COMPANY 


401 West First St., Boston, Massachusetts 


the only producer of both heat resisting castings and fabrications 
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FOR ALL METALLOGRAPHIC 
INVESTIGATIONS Preparations 


REICHERT RESEARCH METALLOGRAPH “ME F"’ with combination light sources, binocular 
tube, incident light phase contrast, and operating desk with built-in electrical controls. 


Versatile Reichert Metallographic Microscopes and Metallographs 
equipped to your requirements: interferometry, interference contrast, 
phase contrast, micro hardness tests, grain size measuring equipment, 
high-temperature microscopy, five light sources, polarized light and 
Polaroid photography (2144 x 344”, 34% x 44%4” and 4 x 5”). 


Watson Barnet Metallographic Interference Microscopes for routine 
examinations. 


Struers specimen preparation equipment. Lunn-Labor and Knuth Rotor 
Wet Grinders; fast and reliable Disa-Electropol; Relapol for difficult-to- 
polish specimens (combines electrolytic polishing with mechanical 
movement). 


Jung Model KM Microtome for quick preparation of metallographic 
specimens. 


Linseis differential thermal analysis apparatus: fully automatic Dilato- 
meter records through amplifier up to 1800°C—not optical, not mechani- 
cal. Magnification continuously variable between 1 : 55 and 1 : 1000, zero 
point stability + 14° at 500X. Vacuum and low temperature (—180°C) 
equipment available; thermo, vacuum, and sedimentation balances, tor- 


sion equipment for high temperatures. 
tives and our local dealers will be 


EICHER TRUER 
on hand to serve you and to provide 


Request free literature or a demon- 
GUNG) details about the equipment listed 
above. 


stration. See us at the Metal Show, 

Booth 1020. Factory representa- 
HACKER & CO., INC. 

WEST CALDWELL, NEW JERSEY 


WILLIAM J. 
P.O. BOX 646, 
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Dislocation Damping in Deformed 
Low-Carbon Steel 


by W. J. Bratina and D. Mills 


The authors studied the effect of 
plastic deformation on dislocation 
damping in A.I.S.I. 1020 through 
the use of ultrasonic techniques in 
the low megacycle frequency range. 

Of main interest was the disloca- 
tion damping induced by elastic 
strain; this was studied under var- 
ious conditions. All the results ob- 
tained appeared to be explained by 
a dislocation loop-pinning point in- 
teraction. 


Metallographic Studies of the 
Fatigue Process in Copper 


by H. M. Bendler and W. A. Wood 


The surfaces of crystalline OFHC 
copper under fatigue have been ob- 
served by optical and electron metal- 
lography. At various stages, i- 
mens which had been sated at dif. 
ferent amplitudes and for different 
fractions of their fatigue life were 
examined for surface deformation 
(slip bands, fissures, and fatigue 
cracks). As for results, when a tensile 
stress was superimposed on the poly- 
crystalline specimen while it was 
being fatigued, development fissures 
grew rapidly and the fatigue life 
markedly shortened. This and other 
factors are discussed by the author. 


Effect of Hydrogen 
on the Creep Properties 
of Nickel-Base Materials 
at Elevated Temperatures 


by H. E. McCoy and J. R. Weir 


The proposed use of hydrogen as 
a reactor coolant makes it imperative 
to know how structural materials 
will act in hydrogen environments 
at elevated temperatures. In _ this 
paper, which concerns the proper- 
ties of nickel-base materials (pri- 
marily “A” nickel and Inconel), the 
characteristic room-temperature hy- 
drogen embrittlement which occurs 
in many of these alloys is discussed 
briefly. According to the data that 
are given, the high-temperature 
creep strength of nickel and Incone] 
was less in hydrogen than in argon. 
The magnitude of this effect ap- 
peared to be dependent upon the 
rate of deformation, with larger 
effects being observed at lower 
strain rates. 
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YOU WILL FARTHER 
FASTER YOUR 
COMPANY AND 
THE METAL WORKING 
WITH 
BACKGROUND 


If you're interested in “moving up the ladder” in your present 
company ...if you want to become part of the “decision-making” 
team in your organization . . . broaden your knowledge of the 
metal-working industry ...improve your present position and 
income . . . NOW is the time to investigate the advantages of 
enrollment in ASM’S METALS ENGINEERING INSTITUTE. 
. Today, MEI offers more than 20 courses in metals subjects rang- 
~*~ ing from “‘Elements of Metallurgy” to “Metals for Nuclear 

Power’. These comprehensive and inexpensive courses prepared 

and compiled by noted specialists in the fields of materials and 

processes, can be taken at home under the watchful guidance of 
=~ the expert MEI staff. The Metals Engineering Institute courses 
ay of your selection can be a major step forward to a rewarding 
career in the metal-working industry. 


Here’s what MEI graduates say about this educational program: 
“... excellent and I will eventually take every subject you offer” 

“... thanks to your fine course, I have become a department supervisor” 
*METALS ENGINEERING INSTITUTE, an educational “function” 
of the American Society for Metals 


Here is a partial list of courses offered through MEI 


Elements of Metallurgy Stee! Foundry Practice 
Heat Treatment of Stee! Recovery of Lead and Zinc 
High Temperature Metals Stee! Plant Processes 

Titanium Ferrous Metallurgy 
Copper, Brass and Bronze Corrosion 
Magnesium Principles of Machining 
Tool Steels Principles of Heat Treating 
Arc Welding 


Blast Furnace Operations 
Metals for Nucleor Power 
Stainless Steels 
Electroplating and Metal Finishing (3) 
Gray tron Foundry Practice 
Oxy-Acetylene Welding 


gee, 


Please send me complete ome 51° ' 


information and costs on courses offered by MEI. 


AMERICAN SOCIETY FOR METALS 
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BETTER ALLOYS 
PURER METALS 
CLEANER WELDS 
...wih NRC 


Vacuum-Electron 
Beam Systems 


Vacuum electron beam processing melts, 
welds and evaporates even refractory and 
reactive metals. 


VACUUM MELTING. Both development 
and production size vacuum electron beam 
furnaces are available for producing ingots 
of tantulum, tungsten, rhenium, molybde- 
num, columbium and others. 


VACUUM WELDING. Complete vacuum 
electron beam welders are available “off-the- 
shelf”, incorporating the latest develop- 
ments in both electron beam and vacuum 
technology. Special custom welders use 
NRC’s “energy conversionin vacuum” 
experience. 


VACUUM EVAPORATION. A wide variety 
of vacuum evaporation-electron beam sys- 
tems are available for thin film develop- 
ment. NRC is currently supplying systems 
operating over vacuum ranges from 10* 
torr to 10°” torr. 


If you are interested in vacuum electron 
beam processing, either in the development 
or production stages, check with NRC. Our 
sales engineers can help you in practical 
discussions of your needs; complete elec- 
tron beam laboratory facilities are avail- 
able on a per diem basis. 


Vacuum-electron beam welder. 


NRC 


EQUIPMENT A Subsidiary of National Research Corp. 


CORPORATION 
160 Charlemont Street, Dept. 1 J 
Newton 61, Massachusetts 


AND PALO ALTO, CALIFORNIA 
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LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 


Long wear for precision cutting parts now 
comes in thin coatings —.001” thick 


Two important industrial cutting tools whose working lives have been multiplied by LINDE 
Flame-Plating tungsten carbide coatings: Rubber skiving knives (|.) and paper drills. 


SUPER-THIN coatings of tungsten car- 
bide and aluminum oxide—in the .00075” 
to .002” range of thickness—now keep 
many industrial cutting surfaces on the 
job many times longer than previously, 
yet preserve the precision fit needed for 
optimum cutting. The result: important 
savings in downtime and operating costs. 

These tough, long-life precision coat- 
ings are applied by LINDE’s Flame- 
Plating process, which “blasts” molten 
particles of tungsten carbide onto spec- 
ified areas of wearing surfaces until the 
particles are built up to the desired de- 
gree of thickness. 


Typical examples of longer wear 


Because their cutting surfaces are 
Flame-Plated with tungsten carbide 
coating, rubber skiving knives that for- 
merly required resharpening after every 
shift now stay in use 15 times longer. 
The knives also have the advantage of a 
self-sharpening effect. As the softer steel 
base wears more rapidly than the hard, 
tungsten carbide coating, a sharp edge 
is always presented to the material 
being cut. 

Tungsten carbide coating enables 
serrated knives used in cutting plastic 
sheeting to process three times as much 
material before the first re-sharpening 
is necessary. 

A coating of .001” thickness on the 
inside cutting surface of surgical shears 
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has reduced their rate of wear by as 
much as 33 percent. 

Flame-Plating proved so revolution- 
ary for household cutlery that the man- 
ufacturer built his merchandising theme 
around “The Greatest Development in 
2000 Years of Cutlery Making—a Cut- 
ting Edge of Tungsten Carbide.” 


Solves many wear problems 


Tungsten carbide coatings of micro- 
inches thickness are equally effective 
wherever metal parts or working sur- 
faces are exposed to abrasion, galling, 
erosion, fretting, corrosion, or high- 
temperature wear. Coatings are applied 
by the LINDE’s 6,000-degree Flame-Plat- 
ing process without distortion of the 
work piece or changes in properties of 
base metals. 

For full information on Flame-Plat- 
ing for your particular application, 
check and mail the coupon below. 


Linde Company 
270 Park Avenue 
New York 17, N. Y. 


Please send data on the items checked: 
LINDE Flame-Plating Process 

[) LINDE Alumina Abrasive Powders 
[) LINDE Synthetic Sapphire & Ruby 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


LINDE 
COMPANY 


“Linde” and “‘Union Carbide” are registered 
trademarks of Union Carbide Corporation 
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Need to production-polish 
tungsten carbide surfaces? 


It's easy with LINDE metallographic pro- 
duction-polishing aluminas —availabie 
in grades for three types of finishing: 
For high stock removal, | micron C; 
for moderate stock removal and 4 rms 
finish, 0.3 micron A; for super polish, 
0.05 micron B. 

LINDE has developed special tech- 
niques for production-polishing of 
semiconductors and soft metals (such 
as brass), also new ideas for production- 
polishing hard metals, including mi- 
crometer anvils, hardened bearing races, 
routine metallographic samples. Get 
help with polishing techniques to meet 
your requirements. Send coupon below. 


Jet planes landed by ruby- 
against-sapphire wear pads 


In the automatic landing computer of a 
modern jet interceptor, a tiny ruby ball 
held to tolerances of 30 millionths os- 
cillates against a synthetic sapphire plate 
flat to 1, 10 light band, as a reference 
plate for a computer to translate radar 
approach signals into hydraulic actions. 


Approximate size: Ruby ball, sapphire plates. 


A similar wear surface bears on the cam 
head. Certain fly wheel governors also 
have sapphire wear surfaces. 

This 70,000 to 300,000 psi LINDE 
material has a hardness second only to 
diamond, unlubricated static friction 
coefficient of .18, and dynamic of .08 
against itself in moderate loads. It is 
economically suited for wear applica- 
tions such as gage points, textile guides, 
optical inspection flats, and flow valves. 
Send coupon for information. 
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NUCLEAR GRAPHITE NEWS 


from NATIONAL CARBON COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N. Y. 


OFFICES: Birmingham, Chicago, Houston, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 


NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 
@ RESISTS THERMAL SHOCK 
@ EASILY FABRICATED 
@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 


GRAPHITE CORE FOR HANFORD NPR 
COMPLETED BY NATIONAL CARBON 


Loading last pallet of moderator bors for the NPR 


The task of producing and machining 
5 million pounds of high-purity nu- 
clear graphite for the New Produc- 
tion Reactor at Hanford, Washington, 
has been completed by National Car- 
bon Company. 

The entire output was machined to 
close tolerances, with the thousands 
of moderator bars ranging in size from 
2 x 3 x 48 inches to 6 x 6 x 48 inches. 
Total ash content was less than 10 
ppm. 

The New Production Reactor core 
is another outstanding achievement 
by National Carbon for the nation’s 
growing reactor program. 
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4400-Ib. graphite columns machined 
to exacting tolerances for EGCR 


Swinging near-20-foot-long EGCR moderator column of ‘National’ nuclear graphite 
into position for inspection after boring of fuel channels through entire length. 


Machining by National Carbon Com- 
pany of 120 graphite moderator and 
reflector columns comprising the Ex- 
perimental Gas Cooled Reactor for 
the AEC at Oak Ridge, represents a 
major accomplishment in the produc- 
tion of nuclear components. 

General machining specifications 
for the giant-size columns, designed 
for the 15-foot, 10-inch diameter 
core of the EGCR, called for a 125- 
microinch surface finish. The col- 
umns are the longest pieces of nu- 
clear graphite ever produced. 

Each moderator column, before 
machining, measured approximately 
20 feet long by 17% inches square, 
and weighed some 4400 pounds. Ini- 
tial machining reduced each column 
to 16.3 inches square by 19 feet, 4 


‘‘National"’ and ‘‘Union Carbide"’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 
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inches long, with final weight ranging 
from 2250 to 3600 pounds. 

Aside from the boring of numerous 
precision holes of varying diameters 
and lengths—such as experimental, 
control rod, and flux scanning chan- 
nels; neutron source and thermo- 
couple holes—the most remarkable 
feat of machining was the boring of 
the fuel channels. In this operation, 
234 holes, 5.25 inches diameter, were 
bored through the entire length of the 
columns, with hole diameter held 
within 0.030-inch, and hole location 
at each end within 0.010-inch. 

After completion of precision ma- 
chining, each piece passed a purity 
and flexural load test and was care- 
fully packaged and safely delivered 
to the customer's plant site. 


UNION 
CARBIDE 
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NEW SIZE RANGE SURPRISE! 


HERE’S A NEW PROCESS in centrifugally spun tub- 
ing that offers you greater freedom in design. It’s 
ACIPCO CERAM-SPUN®...the new ceramic mold 
process* that is not limited by equipment sizes! 


NOW, YOU CAN ORDER almost any combination of 
sizes you require. ACIPCO CERAM-SPUN® tubes of- 
fer O.D.’s from 2.25” to 50”; and ‘wall thicknesses 
from .25” to 8”. As-cast lengths are furnished from 
4 feet to 20 feet, longer lengths are made by welding. 


THINK OF HOW MUCH this process can save you! 
You'll avoid the cost of unnecessary metal waste, and 


ACIPCO CERAM-SPUN 


STEEL TUBING 


excessive machining charges. And ACIPCO’s com- 
plete “under one roof” operations — including heat 
treating, machining and welding — offer many addi- 
tional economies. No need for the delays and ex- 
cessive costs that often result in buying from mul- 
tiple sources. 


If you design, manufacture or use tubular component 
parts, it will certainly pay you to investigate the 
versatility of ACIPCO CERAM-SPUN*® tubing and the 
flexibility of ACIPCO’s integrated facilities. Contact 
ACIPCO STEEL PRODUCTS, Division of American 
Cast Iron Pipe Company, Birmingham 2, Alabama. 


*Patent applied for 
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Grumman Aircraft Engineering Cor- 
poration uses Types 506 and 510 
Day-Pak to inspect construction in 
the Hydrafoil ship —all-welded 90- 
ton vessel whose J-79 turbine en- 
gine will move her at speeds up to 
80 knots. 

Grumman finds that Day-Pak cuts 
inspection costs and adds conven- 
ience. Radiographer Lenard J. Herte 
says, “Day-Pak was handled without 
darkroom loading ...very versatile 
...5-inch width perfect for the keel.” 

Group leader Eugene Burgess po- 
sitions the 5-inch width film for a 


saves with Du Pont 


keel picture, in the 2nd photo above. 
He and Supervisor of Nondestruc- 
tive Testing Morton H. Weinberg are 
shown viewing the Du Pont films in 
the photos that follow. Mr. Weinberg 
says, “Du Pont film has given us de- 
pendable results for 15 years.” 


The unique clarity of CRONAR 
films—plus the consistency of their 
emulsion and stability of their base 
—adds to the accuracy and economy 
of Grumman's testing. These films 
are packaged in a polyethylene 
pouch for safe transport and 
storage. 


“Crona 


To learn more about Du Pont films 
and other fine industrial x-ray prod- 
ucts, write E. |. du Pont de Nemours 
& Co. (Inc.), Photo Products Depart- 
ment, Wilmington 98, Delaware. In 
Canada: Du Pont of Canada Limited, 
Toronto. 

* Du Pont registered trademark for its polyester photographic film 
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Better Things for Better Living 
... through Chemistry 
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Huntington Alloys 


High-temperature properties of INCONEL Alloy X-750 
solve many severe metal-service problems 


High strength and hardness from —423 °F to 1500°F and above...resistance to oxidation and 
corrosion... low creep and relaxation rates combine to make INCONEL® Alloy X-750 (formerly 


High strength and low creep rate 


The strength of INCONEL nickel- 
iron-chromium alloy X-750 is 
obtained by age-hardening. Hot 
rolled bar stock, when aged, has 
a tensile strength around 180,000 
psi at room temperature. At 
1200°F, tensile strength is still 
above 140,000 psi. 

At 1350°F, the stress required 
to produce a minimum creep rate 
of 0.01 percent per 1000 hours is 
30,000 psi. This low creep rate, 
coupled with the low coefficient of 
expansion and resistance to high 
temperature corrosion have led to 
the wide use of INCONEL alloy 
X-750 for operating parts having 
small clearances at high temper- 
atures. 


Excellent spring properties 


Springs made from INCONEL alloy 
X-750 give outstanding service in 
high temperature applications. 
Because of the high strength, low 
relaxation rate, and oxidation re- 
sistance of the alloy, springs can 
be made for use at temperatures 
up to 1200°F. Test springs made 
from cold-drawn wire, when heat- 
treated, showed a relaxation of 
only 5.6% after 28 days at 20,000 
psi and 1200°F. 


Fabrication and availability 


Despite its high strength, alloy 
X-750 is ductile and can be fabri- 
cated by conventional procedures. 
It is available in all common mill 
forms from forging stock to small 
diameter wire and tubes. 
Huntington metallurgists and 
engineers have accumulated a 
wide range of information con- 
cerning the performance and 
characteristics of this alloy in 
many applications. This data can 
guide you in making the most of 
its outstanding characteristics. 
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High tempera 


ture strength, oxidation resistance, and low relaxation rate... three 


designated INCONEL ‘*X’’ Alloy) the preferred material for many exacting applications. 


reasons why INCONEL alloy X-750 springs are used for service to 1200°F. 


What are your metal problems? 


Can you use an alloy that com- 
bines outstanding corrosion re- 
sistance and exceptional high and 
low temperature properties . . . an 
alloy that is readily available in 
all common mill forms? For 
detailed information on how 
INCONEL alloy X-750 meets these 
and other requirements, write for 
Technical Bulletin T-38. 
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HUNTINGTON ALLOY PRODUCTS DIVISION 

The International Nickel Company, Inc. 

Huntington 17 4\. West Virginia 
INCO, 


* Registered trademark 


INCONEL 


NICKEL-CHROMIUM ALLOYS 
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1. In Three Drawing Stations 


The part shown in illustration one was made from 
59 - .74% carbon steel in three drawing stations. From 
.70 - 80% carbon, this piece should have four or five 
drawing stations. The piece could be made from 
.90 - 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 


2. Blanked on 45° Angle 


The stamping shown in the second illustration was 
made from .70-.80% carbon spring steel. It was 
blanked and pierced on a 45° angle, with small holes 
pierced to prevent fracture in later forming and bending. 
It was then given severe secondary forming. The small 
tab shows “orange peel’’ and probable fracture would 
occur if the part were formed from .90 — 1.05% carbon. 


satisfactory performance. Among the 
cold-rolled specialty steels is the right 


How they’re using 
Wallace Barnes Cold-rolled Specialty Steels 


These examples show how proper steel selection may save operations and insure 


Wallace Barnes Steel Division 
Bristol, Connecticut 
Circle 1601 on Page 48-B 


3. All Flanging One Operation 


Our third part is a gun stamping made from .70- 
80% carbon with a sharp bend with the grain in one 
stroke of the press. Higher carbon will fracture due te 
its less ductile qualities. 


4. Thirteen Steps Progressive 


The fastener shown in the fourth illustration was 
made from the .59 - .74% carbon steel, the only spring 
steel which would take the bends and draws to which 
it is subjected here. All the higher carbon steels were 
rejected because they failed under the cold-work neces- 
sary to produce the two small extrusions. It took seven 
reductions to bring these extrusions within tolerance. 
There were thirteen steps total in the progressive die. 


many sizes and types of Wallace Barnes 
one for your application. 
Send for brochure illustrating various 


types of products made from Wallace 
Barnes Specialty Steels. 


Associated Spring 
Corporation 


METAL PROGRESS 


4 
a 
| 
: 


new process heat-treats high speed steel 


AT 1/2 SALT BATH COSTS, 
PRODUCING CLEAN, BRIGHT PARTS! 


New Heat-Treat Process 2400° F. Maximum 
Controls the «Operating Temperature 


Surface Chemistry. 


®@ Processed Parts are 
Always Bright. 


BRIGHT HARDENING M-2 TOOLS 


© Reamers, drills and cutters of 
various sizes were run together 
in the above vacuum unit. 


@ Preheat 1550° F. High Heat-2250° F 


Surface Condition — Clean and 
Bright as shown in photograph 
taken after treatment. 


See this process. Call for 
an Ipsen representative to give 
you full details. 


ipsen INDUSTRIES, INC. DEPT. 723 BOX 500 ROCKFORD, ILLINOIS 


HEAT TREATING UNITS 
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Dynamaster Electronic Potentiometer Pyrometer—Strip-chart 
model records on chart 11” wide, 120’ long. 


Bristol Millivoitmeter Py- 
rometers—Free Vane* py- 
rometer controllers 
(shown) or indicating 
types. Many control 
modes available. 


| easy-to-read 9” scale 


Dynamaster Electronic Potentiometer Pyrometer — 
chart model records on 12” chart, indicates on extra large 
scale. 


MODERN PYROMETERS... key to profitable use of HEAT 


Bristol recording and automatic controlling pyrometers for temperatures up to 


Bristol makes a wide range of pyrometers for every require- 
ment: Electronic potentiometers, millivoltmeter and radia- 
tion types .. . for furnaces, ovens ... every type of heating 
equipment, every kind of fuel. The reliability and accuracy 
of these precision instruments have been proved in thousands 
of installations. 

Take just one advanced Bristol instrument, for example, 
the Electronic Dynamaster* Potentiometer Pyrometer: 


CONTINUOUS STANDARDIZATION PLUS 
» ACCURACY OF STANDARD CELL 


Continuous standardization in Dynamaster Electronic 
Pyrometers requires no dry-cells, but still retains the pre- 
cision standard cell for highest stability and accuracy of 
voltage reference. Results: No interruption to operation, no 
batteries to change. And here are just a few of the Dyna- 
master types available: 

A model for every requirement: Dynamaster Pyrometers 
are available as single-pen, two-pen, and multiple-record (up 
to 24 points) strip-chart instruments and as round-chart 
instruments. 


5000°F can help you increase product uniformity, cut fuel and maintenance costs 


3 Fe C3 L ... for improved production through measurement and contro! 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
Circle 1603 on Page 48-B 


Electric and pneumatic controllers: Both strip- and 
round-chart instruments are made in a very wide variety of 
controllers that meet every furnace and oven control require- 
ment, including the following in a great many forms: 


Electric Control—on-off, proportional input, 3-position, pro- 
portioning, proportional with automatic reset, and time- 
program. 


Pneumatic Control—on-off, proportional, and proportional 
with reset. 


Miniature Dynamaster Pyrometer: Full plug-in flexibility 
... takes only 5” x 5%” of panel space, but has same basic 
accuracy, same time-tested operating principle as full-size 
Dynamaster pyrometers described above. Ideal for graphic 
panels and centralized recording or indicating of large num- 
bers of variables. Either electrical or pneumatic control 
types available. 

Write for complete data on Bristol Pyrometers—and re- 
member Bristol offers a complete line of thermocouples and 
pyrometer accessories. The Bristol Company, 106 Bristol 
Road, Waterbury 20, Conn. *7.M. Reg.U.S. Pat.Of. 9-9 
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NEW SENSITROL PYROMETER COMBINES 
e Daystrom Creative Engineering 
e Weston Accuracy and Reliability 


The Daystrom Sensitrol Pyrometer is now available for 
your most critical temperature control applications. 
This new instrument has an accuracy of +0.5%, full 
scale, and a sensitivity of +0.1‘«, thanks to a depend- 
able Weston galvanometer sensing ele- 

ment. A non-contact photocell actuates 

the control .. . completely eliminating 

drag on the galvanometer. 


Here are a few of the many other fea- 
tures offered by Model 8800 Sensitrol 
Pyrometer: Solid state throughout. 
Plug-in modular construction for sim- 
plicity of maintenance . . . no soldering 


required. Only 10%)" x 7”, the unit can be flush or 
panel mounted. It has a long 6-inch scale, range of 0-400 
to 0-4,000 F, with set points adjustable over entire 
range. Signal lights at each end of the scale make it easy 
to read control position from a distance. Two modes— 


ON-OFF or three position. 


Write today for complete technical data or applications 

assistance on the new Sensitrol Pyrometer—a product of 
unexcelled Daystrom experience and 
traditional Weston accuracy! Day- 
strom, Incorporated, Weston Instru- 
ments Division, 229 Manchester Road, 
Poughkeepsie, N. Y. 


International Sales Division, 100 
Empire St., Newark 12, N. J. In Can- 
ada: Daystrom Ltd., 1480 Dundas 
Highway East, Cooksville, Ontario. 


=, 
DAYSTROM INCORPORATED 


WESTON INSTRUMENTS DIVISION 


Reliability by Design 
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Variety 


applications 
with 
pinpoint 

accuracy 


HARROP ELECTRIC FURNACES with Non-Metallic Resistor 


_ Versatile, rugged design gives Harrop NMR Series furnaces 
oe latitude in the application of heat to materials ranging 
rom ceramics and ferrites to metals and cermets. Controls 
heat and measures temperatures accurately under continuous 
operation to 2820° F., and higher for intermittent operation. 
Oversize components and refractory linings prevent accidental 
lining damage. Six standard models range in setting space from 
» 7x9x9Qinches to 36 x 45 x 41’inches. Available in four cabinet 
} forms and furnished with instrumentation to meet any specific 
; requirements. Two models are equipped with mechanical or 
hydraulic elevator. 
The NMR Series is typical of all Harrop furnaces . . . designed 
to meet specific requirements but with scope to meet a variety 
' of firing needs. Harrop experience is available to help find 
solutions to any problem involving controlled application of 
, heat or the accurate measurement of temperature. Harrop 
! experience cuts across the full range of engineering skills to 
provide detailed recommendations based on complete analysis 
. of materials, range, control and objective. For 
prompt and interested evaluation of any firing 
problem, theoretical or practical, write Dr. Rob- 
ert A. Schoenlaub, Director of Lessenmmaes 3470 E. 
Fifth Ave., Columbus 19, Ohio 


HARROP PRECISION FURNACE CO. 


Divielen Service Ge. ) 
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Motorized hydraulic pump and 
fingertip control through time- 
proved relief valve prevent operator 
from overloading or applying load 
too fast. Load verified on sensitive 
gauge. The Riehle Bench-type 
Brinell Hardness Tester is so eco- 
nomical and simple to operate that 
now even the smaller shops can do 
accurate Brinell testing. %4” stroke 
permits anvil height to remain fixed 
when testing a series of similar 
thicknesses. Accuracy unaffected by 
frequent changing of Brinell loads. 
Other Riehle Brinell hardness testers include portable and 
floor mounted models. Write for literature and name of 


nearest Riehle representative. Address Dept. MPS-1061. 


OTHER MODELS AVAILABLE — Floor-mounted, bench and 
portable models for Vickers, Knoop, Rockwell & Super- 
ficial Hardness Scales also available with a full selection 
of accessories for special applications. 

BOOTH 429 NATIONAL METAL EXPOSITION 


Riehle’ 


RIEHLE TESTING MACHINES DIVISION OF 


Machine and Metals. inc. 


EAST MOLINE, ILLINOIS 
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Extrusion 


In this illustration, the 
product is tubing: beryl- 
kum (left) and zircon- 
ium (right). Whether 
-the material is common 

‘or rare, the configuration 
simple or complex, one 
of Nuclear’s three extru- 
sion presses* can handle 
it, and at least one of 
Nuclear’s 275 technical 


CUSTOM 
SERVICES 


people has had experi- DEPARTMENT 

ence related to it. 

*Our fourth is on order. NM | 
A NUCLEAR METALS INC. 


CUSTOM SERVICES DEPT. 
CONC! 95410 
PRACTICAL SHAPES 


FROM NEW 
MATERIALS 


extron 


AFFILIATE 


Conversion Services—Prompt Deliveries 


Nuclear Metals, Inc. has the equip- 
ment and experience to help convert 
your problem material into a product. 
One rod or one hundred billets can be 
vacuum melted, extruded, rolled, drawn, 
welded, swaged, analyzed or tested 
through the Custom Services Depart- 
ment at NMI. All sorts of materials— 
copper, zirconium, stainless, thorium, 
beryllium oxide, or one of the refractory 
metals, can be handled with the know- 
how and facilities of the world’s largest 
privately-owned metallurgical research 
laboratory. 


e For evaluation or conversion services 


e For technical or marketing 
consultation 


e To supplement your product 
development dollar 
Call Nuclear Metals now. 
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WE MAKE SPECIAL STEELS—ESPECIALLY WELL 


HIGH SPEED STEELS 
TOOL STEELS 
STAINLESS STEELS 
ALLOY STEELS 
FORGED ROLLS 
EXTRUSION PRESS PARTS 


SPECIALTY STEELSW INCORPORATED 
A Division of Deutsche Edelstahiwerke A.6., Krefeld, West Germany KEW 375 Park Avenue, New York 22, N.Y. 
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“SPIKES” IN LAPPING COMPOUND 
CAN DO LOTS OF DAMAGE, TOO! 


Long, sharp “‘spikes’’ that gouge or even just scratch, 
don’t belong indiamond lapping compound. Tokeep them 
(and all unwanted matter) out of Trulap® Diamond 
Lapping Compound, we make Trulap in a laboratory, 
using blocky diamond shapes of unifornrsize—‘“‘spikes’”’, 
“‘blades’’, ‘‘jumbos’’, “‘fines’”’ are out. So, with Trulap, 
ou get the greatest lapping mileage for least cost 
use Trulap diamond powder is the right shape, 
accurate size, evenly dispersed throughout the paste. 
For extra value, new ‘Trulap contains Granulaide’*, 


which keeps new Trulap working for you long after 
ordinary compounds would be expended. Available in 
America’s widest selection of accurately graded 
particle sizes and in dispensers from 2% gr. up. Write 
for bulletin. 


“TM. OF W.T.T. CO. FOR ITS SURFACTANT. 


WHEEL TRUEING 
TOOL COMPANY 


239-3200 W. Davidson, Detroit 38, Mich. 
575 Langlois Ave., Windsor, Ont., Canada 


A research development of Wheel Trueing Tool Company. 
Over 50 years a leader in diamond products. 
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speed tools achieve 

hardness without 
risk of scale or decarburizo- 
tion, maintain sharp cutting 
edges longer, step up pro- 
duction. 
For free demonstration hard- 
ening bring your tools to 

Booth 930 at the Detroit 


Correctly hardened tools are 
essential to high producti 

: This is where Sentry Furnaces 

| with the neutral Diamond 

| Block Atmosphere fulfill their 

j greatest need, offering relia- 
| ble hardening without expen- 
sive supervision, and at, low, 
low investment and operating 
cost. 


Your high 


Metal Show. 


entry 


ELECTRIC 
FURNACES 


242-1 


TRADEMARK 


Request Catalog 10-P * Write THE SENTRY CO., FOXBORO, MASS. 
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"ELECTRIC 
WELDING 
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NEW...HIGH-SPEED FUSION OF VERY-THIN 
DEPOSITS WITH CONTROLLED DILUTION 


From Linpe, the inventor of plasma arc processes, comes PLasM ARC 
weld surfacing —the first process for depositing very-thin fused 
overlays of heat-, wear- and corrosion-resistant materials, with 
controlled dilution, at high speeds. PLasmarc weld surfacing uti- 
lizes the intense heat (30,000° F.) of a constricted plasma arc 
created within its torch and transferred to the work. The metal 
is fed into the torch as a powder, It is carried to the work in the 
plasma jet formed from argon gas. Check these features: 
© Penetration into base precisely controlled to .005-in. and up. 
¢ Dilution with base precisely controlled to 5% up to 50%. 
e Deposits as thin as .010-in., as thick as 3/16-in., in one pass. 
© Deposits as narrow as 1/8-in., as wide as 1 in. or more. 
e Speeds over 20 ipm at 95%, deposition efficiency. 
¢ Flatter, smoother deposits than other fusion processes. 
e Wide choice of metal and alloy powders for surfacing. 
SEE IT “LIVE” AT THE METAL SHOW 
Cobo Hall, Detroit, Booth 127, October 23-27 


LINDE COMPANY 


Division of Union Carbide Corporation CARBIDE 
270 Park Avenue, New York 17, New York 
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PATTERSON WIRE STRAIGHTENING 


AND CUTTING MACHINES Happy answer to a problem! 


Leading producers 
of extrusions use GRAFO 


Many manufacturers of aluminum extrusions already 
know the basic answer. It's simply this: Aluminum 
Extruding plus GRAFO equals Uniformly High Quality! 

Why? Because GRAFO Colloidal Graphite dis- 


persed in water reduces die wear, prevents sticking, 
gives better metal flow and improved production. 


Send for booklet “The Biggest Ounce of Protection" 


MODEL 2A 1/16” TO 44” DIA. CAPACITY 


THE MODERN STRAIGHTENER 
Variable Speeds & Feeds 


Electrical Trip Mechanism 
Roll Type Clutch—Quick Action 
200 Cuts Per Minute on Short Lengths. 
Many Other Models for Wire Up to ¥%4” Dia. 
FOR THE BEST IN MODERN STRAIGHTENERS 


THE GEO. C. PATTERSON MACHINE CO. 


3409 Trumbull St., Cleveland 15, Ohio 
Circle 1619 on Page 48-B 


°/f you have a problem of excessive temperatures, pressures 
or abrasion, let us help you solve it with a GRAFO Water, 
Oil or Alcohol Dispersion for your conditions. 


GRAFO COLLOIDS Coyoration 
279 Wilkes Place, Sharon, Pa. ery 
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STEEL PARTS FROM POWDER METALLURGY 


Take advantage of the highest quality powder metallurgy available 
today! If you use hobbed gears—or other structural parts—in quan- 


BOOTH 1229 
Metals Show 


tity, Supermet Hi Density parts can save you big money. At a single 
HI DENSITY pressing all of the gears above are produced 90% of theoretical solid, 

carburized conventionally, and given after-treatments such as plating 

(you can’t do this with ordinary powder metal parts). Supermet 
CARBURIZED 


makes gears wh 1.25 sq. in. cross-section to your specs in iron, 
alloy steel, carbon steel or stainless. We regularly work to ASTM 
B309-58T Class A and B densities. Because of our modern, fully 
equipped toolroom, we can readily fabricate and maintain your tooling. 


SUPERMET DIVISION 
GLOBE INDUSTRIES, INC. Supermet is often the “supplier of last resort’—we deliver on 


‘oe time those difficult powder metal parts on which others fail. 
1465 Cincinnati St. Send a part print today for a prompt engineering analysis— 
Dayton 8, Ohio take advantage of the strength of steel with the economy of 
free technical literature powder metallurgy. 


OCTOBER 1961 Circle 1621 on Page 48-B 


| 
LA) art al 
| 295 


WITH CONTROLLED DILUTION AT HIGH SPEEDS 
SEE IT “LIVE” AT THE 43RD NATIONAL METAL SHOW er.'23-27,2001w 127 


FIRST PROCESS FOR FUSED DEPOSITS (.010-IN. AND UP) 


*Artisans in White, Rare 
and Precious Metals 


SUPER ALLOY FORGE 


'NCORPORATEO 
JOHN E. CONNOLLY — ACADEMY 9-7860 


HAMBURG, MICHIGAN 
See us at the Detroit Metal Show Booth 1010 
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Uniform High Quality — Adequate Inventory 
Delivery as Promised — Product Innovation 
Engineering Service 


Product of Skilled American Workmen 
Who Buy American 


BRANCH STOCKS in Chicago, Milwaukee, Detroit, Cleveland, Cincinnati, 
St. Louis, ond Los Angeles. REPRESENTATIVES in Cambridge, Erie, Lovisville, 
Newark, Omaha, Portland and West Hartford. 
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NEW NEW NEW NEW NEW NEW NEW NEW NEW 


when it 


you know the temperature! 


new Matkal 
THERMOMELT 


TEMPERATURE 
INDICATORS | 


The easy modern way to determine exact working temperatures! 


Just mark or stroke the surface with 
THERMOMELT ... when it reaches the desired 
ago the mark liquefies. There’s no guess- 

rk, no wasted time or material. 
THERMOMELT is the quick, precise way to 
determine heating temperatures. Accurate to 
within +1%. 


With Handy 
Adjustable 
Hoider 


ALSO AVAILABLE IN LIQUIDS 
AND PELLETS for inaccessible 


A Stik For Every Temperature from { 
t or hard-to-measure applications. 


113° F. to 2000° F. 


SEND TODAY for free THERMOMELT 
literature and pellet sample (indicate Manutecturers of Merkel Paintstik 
temperature desired). Protective Coatings. 


MARKAL CO. 3118 West Carroll Avenue «+ Chicago 12, Illinois 
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Wide range of temperatures. 
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5 COLUMBIA\ 
A TOOL STEEL COMBANY 


© Research Seven Revco cabinets, both chest and 
© St upright styles, are available. Capacities 
jorage range from 1.5 to 6 cu. ft. in chests and 

© Seasoning to 22 cu. ft. in uprights. Units provide 
: temperatures to —140° F. control- 

© Testing lable within + 1°. Optional accessories 


are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, “Selecting a low temperature 
cabinet,”’ write Revco, Dept. MP-1U1. 


Industrial Products Div., 


REVCO 


Deerfield, Michigan 
rends in Refrigeration Since 1938 
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ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 


with 
YOUNG 
BROTHERS 
OVENS 


designed and built 
for individual product 
and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS Co. 


1829 Columbus Rood Cleveland 13, Ohio 
Over 60 years of service 
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a-red ovens 


BACK-LOADING 
Infra-Red Generators 


In the past, all infra-red generators have been in- 
stalled or replaced from the front side of the ovens, 
Now with new driQuik construction, replacements 
are made from the back, and can be made by one 
man. Changes can be made while the oven is in 
operation. 


REFLECTOR REMOVAL 
without Generators 


Now driQuik reflector removal is simplified with 
new slip-on design. Only driQuik has it. 


Stainless Steel 


SA REFLECTORS 
AVAILABLE NOW 


Available on all models. 
Recommended where an un- 
usual amount of hard-to-re- 

move foreign matter is deposited on the 
reflectors and must be removed periodically. Also 
where highly corrosive vapors are present, or where 
exposed to the weather. 


DRY CLIME LAMP CORP. 
driQuik 
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Since nitriding is receiving more and more attention from manu- 
facturers in the space age, it is appropriate that Wilson Leeming's 
answers to the question “What Steel Shall I Use in Nitrided Parts?” 
should be included in our special report to technical management 
in metalworking in this issue. Now a metallurgical engineer at Sund- 
strand Aviation, a divi- j 
sion of Sundstrand 
Corp., Rockford, IIl., Bill 
Leeming joined the divi- 
sion in 1957 as produc- 
tion metallurgist soon 
after graduating from 
the University of Illi- 
nois. He spent three 
years in the U.S. Army 
(Signal Corps) before 
going on to the univer- 
sity and a degree in 
metallurgical engineer- 
ing. His primary re- 
sponsibilities at Sund- 
strand have been in the 
development of mate- 
rials and processes for 
elevated - temperature 
applications, including 
gearing, seals, bearings. 
Bill’s name is a familiar one to members of the Rockford Chapter 
©. He’s now chapter secretary and has been a past member of 
both the Educational and Entertainment Committees and chairma: 
of the Student Affairs Committee. He is currently representing 
A.S.M. on the Rockford Area Graduate Study Council whose pur- 
pose is the attainment of local, graduate study opportunities for 
the Rockford area. He is also one of those hard at work on the 
second volume of the €} Metals Handbook — he’s a member of the 


SEE PAGE 49 Committee on Nitriding. 


for @ preview complete A.S.M. activities aren't his only interests. He says he’s 
ng also kept busy “continuing education, decreasing my golf handi- | 
type of material you use in your work cap and keeping up with the distaff side of the family”. (He's shown 
we and photography in the photo with daughters Terri, 4'2, and Susan, 3, while on vaca- | 
ow, optical entinnen will be eetie tion last summer at Hamlin Lake in Michigan. We assume his 
to discuss you: individual problems an 
ter wife Joan was the picture-snapper.) 
purpose. 

Don Williams is well qualified to discuss the metallurgist’s role in 


VISIT BOOTH 508 selecting materials for business machines (p. 79) — he’s been chiet 

; ~~ OCTOBER 23-27 b years, s major concern has been applying the best meta 
- COBO HALL — DETROIT. MICHIGAN lurgical practices in the manufacture of business machine parts 
and in problems of development. He has been working in the field 
of metallurgy since 1937, first as metallurgist with the Weatherhead 


UN/ TRON Co., then in metallurgical sales for the P. R. Mallory Co. and for 


INSTRUMENT COMPANY * MICROSCOPE SALES DIV. Serrick Corp. in Muncie, Ind. 
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work; he’s currently president of the local schoo! board in Chardon, 


Ohio. 


The 4000° F. creep-rupture machine shown below — that’s Ward 
Simmons examining it — has just been added to the creep labora- 
tory at Battelle Memorial Institute in Columbus, Ohio. Ward has 
been evaluating the high-temperature properties of metals since 
1941 and his article on superalloys (“What Alloy Shall I Use 

for High-Temperature Applications Above 1200° F.?, 
p. 84) is based on this experience. His scholastic background in- 

t cludes a degree in metallurgical engineering from the University of 

Minnesota School of Mines and Metallurgy (1939). 

His workaday interests are reflected in his spare-time activities. 

He is on several technical committees and is chairman of Sub- 


committee XII on Specifications for Super-Strength Alloys of 
A.S.T.M. Committee A-10 and is a member of the A.S.T.M. Admin- 
istrative Committee on Papers and Publications and the Ohio Valley 
District Council. He is also chairman of the Special Purpose Alloys 
Subcommittee of the $.A.E. Nonferrous Metals Committee. 

The rest of his time is spent on his hobbies — oil painting and 
photography — and in keeping up with his four-acre “farm” and 
150-year-old home near Delaware, Ohio, where he lives with his 
wife Eleanor and three of his four children. (The oldest daughter 
is married and lives in Arizona and, in fact, Ward finished this article 
just before he left on a vacation trip to visit her.) 


Dan Maykuth and Russ Ogden (who tell you what refractory 
metal to use for ultrahigh-temperature applications in their article 
on p. 92) have been conducting research on nonferrous metals to- 
gether since Dan came to Battelle in 1947. (Russ, shown on the right, 
with Dan, in the photo, has two years seniority over him.) They 
are noted particularly for their early research on titanium alloys 
and of late for their work on the refractory metals — more and better 
refractory metal alloys will be forthcoming based on the research 
they are now conducting. Coincidentally, they both have the same 
alma mater, Michigan College of Mining and Technology — Russ 
graduated in 1941 and Dan in 1947 — and both went on to graduate 
work and master’s degrees from Ohio State University. Currently, 
Russ is chief and Dan assistant chief of the nonferrous metallurgy 
division at Battelle. 
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Within +0.3C 


Using the meniscus as his guide, an 
operator at Shockley Semi-Conductor 
Laboratories pulls a silicon crystal 
for use in the development of a four- 
layer diode while L&N’s Speedomax 
G C.A.T. control system holds tem- 
perature of the melt within +0.3 
degree! 

Precise and completely dependable, 
this control system continuously reg- 
ulates the output of an induction gen- 
erator through a magnetic amplifier 
and saturable core reactor ... and, if 
desired, can be used with an external 
program unit. 

This system is helping not only 
Shockley Laboratories but also many 
other investigators, suppliers and 
producers of electronic equipment to 
grow crystals of consistently high 
quality. 

Process Data Sheet 660(1) will 
bring you more information on L&N’s 
temperature control for crystal grow- 
ing. But no matter what your instru- 
ment needs—when quality counts, it’ll 
pay you to see your L&N field engi- 
neer. Write your nearest L&N office 
or 4927 Stenton Ave., Phila, 44, Pa. 


il 


LEEDS iN NORTHRUP 


Instruments Automatic Controls Furnaces 
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Russ and his wife like to travel. When at home, they garden and 
dream of new places to visit by way of their stamp collection. This 
past summer Dan had to forsake his usual hobbies — golf and hi-fi — 
to oversee the construction of a new home which he and his wife 
and four children (two girls and two boys) hope to move into this 
month. Again coincidentally, Russ and his wife will be moving into 
a new home this month, too. 


The rapid growth of the cryogenic industry has focussed increased 
attention on metals to use in fabricating vessels and equipment for 
low-temperature service. Our report on this area is presented by 
George H. Zenner (“What Metals Shall I Use . . . for Fabrication 
of Cryogenic Vessels and Equipment?”, p. 110), who has had many 
years experience in the cryogenic field. (He’s shown in the photo 
below, left, with C. M. Heath, metallurgy consultant for Linde who 
provided much of the information for the article.) He entered 
industry early, at the age of sixteen, and spent six years at Western 
Electric Co.’s Hawthorne Works, graduating from the company’s 
three-year tool design apprentice course and becoming a punch and 
die designer. He enrolled in the University of Illinois in 1923 and 
: U 3 “wera after graduation four years later (with a B.S. degree in mechanical 
ere: a. dynamic bal- engineering ), joined Linde. His first job was in the cryogenics lab- 
_ tion. And the compact Stokes 
_ pump saves up to 50% in 


per dollar with Stokes oh “te 
icrovac pumps. Just write: Ai 
Vacuum Equipment Division, 
J. STOKES CORPORATION, 
RD., PHILA. 20, PA. 


you get more pumping per- 


STOKES 
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oratory measuring density ot acetylene-acetone solutions. When 
Linde embarked on its own design and construction program for 
producing and distributing liquid oxygen (about 1930), he began 
working in the design and development phases. Since then he has 
directed various projects in this area, including the first cold con- 
verters made of Everdur, first commercial vacuum-powder insulated 
storage tank, first liquid oxygen tank car and first successful liquid 
oxygen pumps. He was named assistant manager of the engineer- 
ing laboratory at Linde in Tonawanda, N.Y., in 1951. 

Among his recent projects was writing one of the sections in the 
book Progress in Cryogenics, Vol. 2, edited by K. Mendelssohn, 
which was published last year. Usually his spare time is devoted to 
golf, fishing, travel, stereo, photography, hi-fi or do-it-yourself 


projects. 
o 


Lloyd Lockwood (who is responsible for the section on mag- 
nesium in the article, “What Metal Shall I Use . . . for High-Strength 
Welded Structures?”, p. 116) expected to be assigned to corrosion 
studies when he started to work in the metallurgical laboratory of 
the Dow Chemical Co. in July 1955. He was fresh from Ohio 
State University where his master’s thesis in metallurgical engineer- 
ing had been on the passiviation of Type 304 stainless steel. (He 
entered Ohio State after receiving his B.S. degree from Michigan 
College of Mining & Technology.) But instead Dow placed him 
in the welding development group, and he has been completely 
absorbed in welding ever since. 


An expert on magnesium welding, he has branched into aluminum 
in line with the broadening interests of the Dow Metal Products 
Co. division. (He is now research and development engineer in 
the division.) Earlier this year he completed a week-long course in 
advanced aluminum welding principles sponsored by Aluminium 
Ltd., Kingston, Ont. (In the photo above, taken during the course, 
he is shown in the center. ) 


Twenty-two years in the thermostat metals department of Metals 
& Controls Inc. is the background for Ray Sears’ article “What Metal 
Shall I Use . . . for Resistance-Welded Thermostats?”. Formerly 
chief process engineer, he was named senior application engineer 
for the department in March. A graduate of Tufts College with a 
B.S. in chemical engineering, he is a member of the thermostat 
metal committee of A.S.T.M. and on the roster of S.A.E. 

He and his wife, Ruth, celebrate their 20th wedding anniversary 
this month. His interests include gardening, sports, travel and 
reading. 
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The EF fuel fired, muffle tube, hump type 
wire mesh belt furnace pictured below bright 
anneals 500 pounds of large nickel-chrome alloy 
stampings per hour at 2150°F in a dissociated 
ammonia atmosphere. The heat resisting alloy 
muffle tube protects the materials from contami- 
nation by the products of combustion, and the 
inclined or hump design helps to contain the spe- 
cial atmosphere. 


Horizontal straight-through, muffle tube, wire 

* mesh belt furnaces are widely used for sintering 
Wire Mes Be t ferrous and non-ferrous metal powder products, 
copper brazing, brass brazing, silver soldering, 

fluxless copper brazing of stainless alloys, and 


Fu rnaces similar operations. 


EF radiant tube fuel fired or electrically heat- 


for bright annealing stainless ed furnaces, of either hump or straight-through 
design, can often be used in these services with- 


steel and alloy stampings; also walle. 


sintering, brazing and other heat Call the EF engineers on every heat treating 
problem. Our long experience and extensive re- 
search and development facilities can save you 
both time and money. 


treating operations. 


THE ELECTRIC FURNACE CO. 


Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES Lh. e 
for Processing any Product, in any _ 
Atmosphere, any Hourly Output Required 


SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. © Canefco Limited, Scarborough, Ontario 
SALES REPRESENTATIVES — 2842 West Grand Blvd., Detroit 2, Mich. © also 968 Coleman Rd., Cheshire, Conn. 
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Unmatched facilities nearby 
help you profit with UCM’s "FIVE-DEEP” Ferroalloys 


@ Unmatched Facilities for production 
and fast delivery of Union Carbide Metals’ 
FIVE-DEEP alloys insure uninterrupted pro- 
duction at your metal-producing plant! 
Six plants—3 with their own power facil- 
ities—and 17 warehouses, all located for 
fast shipments by rail, truck, or water. 
These unmatched facilities are just one 
of the 5 intangible but ever-present extra 
values of FIVE-DEEP alloys. The others: 
@ Strictest Quality Control — with over 
100,000 tests per month from mines to 
shipment— makes sure you always get 
alloys of uniform size and analysis, with 
minimum fines, lot after lot. 
©) Technology — many million dollars 
worth a year—helps you produce better, 
more profitable metals. UCM’s 600-man 
research and development center is the 
birthplace of hundreds of new alloys. 
© Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM’s 


close association with world-wide mines 
provides dependable raw material sources. 
5) Customer Service brings you our inte- 
grated experience in the application of 
terroalloys to various melting practices. 
Engineers from 9 UCM field offices travel 
a million miles a year to provide on-the- 
scene assistance. 

For better metals, production economies, 
bigger profits, insist on UCM’s FIVE-DEEP 
alloys. Union Carbide Metals Company, 
Division ef Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y., 
producer of “Electromet” brand metal- 
lurgical products. 


“Union Carbide” and “Electromet” are registered 
trade marks of Union Carbide Corporation. 


UNION 
METALS 
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Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 
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